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Recent  investigations  of  dwarfism  in  beef  cattle  have  caused  many  research 
workers  a  great  deal  of  concern  because  of  apparently  conflicting  experi- 
mental results.  The  earlier  work  had  been  chief Ijr  concerned  with  inheri- 
tance of  dwarfism  and  the  identification  of  dwarf  transmitters.  However, 
as  the  xrork  progressed,  it  became  evident  to  many  of  these  people  that  the 
positive  classification  of  animals  into  dwarf  and  nomnal  types  was  not  as 
simple  as  at  first  assumed. 

Relatively  little  information  is  available  on  inherited  or  experimental 
dwarfism  in  domestic  animals.    In  the  past,  a  large  part  of  the  research 
effort  on  dwarfism  has  been  devoted  to  the  study  of  the  syndrome  in  humans. 
Many  of  the  same  problems  that  are  causing  confusion  in  the  cattle  research 
have  also  perplexed  the  investigators  of  human  dxjarfism.    A  literature 
review  of  dwarfism,  including  hT-'an  dwarfism.,  may  help  to  resolve  some  of 
this  confusion  and  bring  more  c.  early  into  focus  experimental  paths  which 
will  lead  us  to  a  quicker  solution  of  the  problem. 

No  claim  can  be  made  that  this  review  is  all-inclusive  or  complete.  Actu- 
ally, many  articles  were  reviewed  that  did  not  appear  to  be  directly 
related  to  the  subject  and  so  were  not  included  in  the  list  of  references. 
Foreign  articles  or  papers  in  not  readily  available  journals  were  not 
included  unless  they  made  a  noteworthy  contribution. 

In  general,  the  terminology  and  nomenclature  of  the  scientific  papers 
quoted  were  not  modified.    Since  many  of  the  terms  used  are  technical, 
medical  descriptions,  it  often  would  have  been  necessary  to  substitute  a 
long,  descriptive  phrase  for  a  single  word.    Also,  substitutions  for  the 
authors'  terminology  could  lead  to  an  interpretation  different  from  that 
which  was  originally  intended.    In  order  to  aid  the  reader,  some  of  these 
technical  words  and  their  definitions  are  included  in  a  glossary. 

The  general  order  of  subject  presentation  is  somewhat  arbitrary  but  was 
intended  to  be  in  logical  sequence.    Duplication  of  material  under  the 
various  headings  is  avoided  as  far  as  possible.    Thus,  the  review  must  be 
considered  as  a  whole  rather  than  each  section  in  itself. 

The  term  "dwarf"  is  generally  recognized  as  an  individual  who  is  conspic- 
uously smaller  than  others  of  his  kind.    Many  forms  of  dwarfism  are  appar- 
entj  in  most  instances,  the  relationship  of  these  various  forms  is  not 
clearly  understood.    It  does  appear  that  the  thyroid  and  pituitary  glands 
are  in  some  way  involved  in  most  forms  of  dwarfism. 

The  thyroid  is  located  in  the  neck  near  the  junction  of  the  larynx  and 
trachea.     Its  function  is  the  elaboration,  storage  and  discharge  of  the 
hormone  called  iodothyro-globulin.     Thyroxine  is  an  effective  amino  acid 
constituent  of  this  proteiii  molecule  (232), 

Each  lobule  of  the  thyroid  is  composed  of  an  aggregation  of  spherical  or 
ovate  cyst-like  vesicles  of  variable  size.    These  units  are  the  follicles 
or  alveoli.    The  interf ollicular  areas  are  occupied  by  loose  connective 
tissue.    Masses  of  epithelial  cells  are  occasionally  present  between  the 
follicles. 
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The  follicles  are  lined  by  a  secretory  epithelium  composed  of  a  single 
layer  of  cuboidal  or  low  columnar  cells.    The  closed  cavities  of  the  fol- 
licles normally  contain  a  homogeneous,  gelatinous,  amber-colored  globulin. 
This  secretion  is  the  colloid  and  is  a  condensed  storage  product  of  the 
secretory  epithelim. 

The  pituitary  gland,  or  hypophysis  cerebri,  is  a  compound  organ  of  internal 
secretion  located  in  the  sella  turcica,  a  concavity  in  the  sphenoid  bone. 
The  hypophysis  consists  of  an  anterior  lobe,  an  intermediate  lobe,  and  a 
posteiaor  lobe. 

The  anterior  lobe  is  composed  of  irregular  masses  and  cords  of  epithelial 
cells  separated  by  sinusoids  and  by  a  loose  framework  of  connective  tissue. 
Three  different  groups  of  cells  are  found.    The  chromophobes  are  devoid  of 
specific  cytoplasmic  granules.    The  acidophiles  have  cytoplasmic  granules 
and  basophiles  contain  granules  which  have  an  affinity  for  basic  dyes. 

The  functions  of  the  anterior  pituitary  are  most  important  in  all  phases 
of  animal  growth  and  metabolism^    Some  of  the  primary  functions  that  have 
been  determined  are  as  follows: 

Ic  Growth  hormone  (from  acidophilic  cells) 

2.  Sex  stimulating  honnone 

3.  Thyrotropic  hormone  (stimulates  thyroid) 
ht  Adrenotropic 

5*  Lactogenic 

6s  Diabetogenic  principle  (causes  rise  in  blood  sugar) 

7 .  Pancreatropic 

8»  Nitrogen  metabolism  regulating  hormone 

9.  Fat  metabolism  regulating  hormone 

10,  Parathyrotropic 

11.  Erythropoiesis  hormone 

The  thyrotropic  hormone  secreted  by  the  anterior  pituitary  gland  is  essen- 
tial for  the  normal  anatomy  and  physiology  of  the  thyroid  gland.  The 
interrelationship  between  the  two  glands  is  mutual  in  that  the  secretion 
of  the  thyroid  hormone  likewise  influences  the  pituitary  gland,  at  least 
in  respect  to  its  thyrotropic  hormone »    An  excess  of  thyroid  hormone  sup- 
presses the  output  of  thyrotropic  hormone  from  the  pituitary,  thereby 
resulting  in  a  diminished  activity  of  the  thyroid  gland  itself.     The  pres- 
ence of  circulating  thyroxine definitely  interferes  with  the  response  of 
the  thyroid  to  injected  ti^rotropic  hormones  (Ul). 

The  hormone  of  the  thyroid  is  coraraonly  called  "thyroxine"  o    Thyroxine  is 
not  found  as  such  in  the  thyroid  but  in  the  form  of  a  protein,  thyroglobu- 
lin.    Highly  purified  thyroglobulin,  when  analyzed,  yields:    cystine,  I4I1.3O 
percent;  methionine,  1^,31  percent;  tryptophane,  1^88  percent;  tyrosine, 
3,00  percent;  diiodotyrosine,  0^67  percent;  thyroxine,  0,28  percent;  and 
glucosainine,  2„20  percent  (97).     It  has  been  estimated  that  the  average 
person  contains  the  equivalent  of  about  ih  mg.  of  thyroxine.     In  the  ver- 
tebrates, a  delicately  balanced  relationship  is  maintained  between  the 
amounts  of  thyroid  hormone  produced  and  stored  or  released  by  the  thyroid, 
and  of  thyrotropin  produced  and  stored  or  released  by  the  pars  anterior 
of  the  pituitary.     The  thyroid  hormone  inhibits  the  production  and  release 
of  thyrotropin  and  may  even  inhibit  the  making  of  further  thyroid  hormone 
by  the  thyroid  gland  itself  (1). 
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Disorders  of  the  thyroid  are  associated  with  dwarfism  as  well  as  other 
related  effects «    This  can  be  shown  diagramatically  (2[|.l)e 


Hormonal  influences 


Neural  influences 


Anterior  pituitary 
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Thyrotropin 


Thyroid 


Growth  hormone 
Thyroglobulin 

Growth 

Skeletal  maturation 
Epiphyseal  ossification 
Dental  development 
Brain  development 

The  activity  of  the  thyroid  may  be  altered  in  a  number  of  ways  (2l|.l): 

lo    Gongenitally  absent  or  defect ive^  or  may  be  injured  by  disease 
or  radiation 

2,    Sufficient  iodine  may  not  be  available  to  permit  synthesis  of 
an  adequate  supply  of  hormone 

3o    Disorders  of  pituitary  may  lead  secondarily  to  changes  in 
thyroid  activity 

ho    Nerv-ous  stresses  acting  through  the  hypothalamic-pituitaiy 
pathways  increase  thyroid  activity  and  are  probably  a  factor 
in  thyrotoxicosis 

5o    Alterations  in  the  peripheral  demands  of  the  bodyj  such  as 
occur  in  pregnancy  and  other  conditions^  affect  the  secretoiy 
activity  of  the  thyroid 

6o    Thyroid  enlargements  have  been  produced  experimentally  by  high 
protein  diets^  excessive  consumption  of  liver,  high  calcium 
diets 5  and  goitrogenic  substance s^-in  general^  they  cause  a 
disturbance  in  the  metabolism  of  iodine 

7e    Thiourea  and  thiouracil  confounds  which  impair  the  ability  of 
the  thyroid  to  synthesize  iodothyroglobulin 

8  o  Temperature 


Hyperactivity  of  the  thyroid^  called  "Graves'  disease"  in  hmans  is  char- 
acterized by  an  increased  metabolic  rate.    Twenty-six  varieties  of  Graves' 
disease  have  been  described  (23).    The  individual  shows  nervous  tension, 
is  underweight  and  exophthalmic o    The  gland  itself  is  usually  normal  in 
size.    Hyperplasia  indicates  hyperactivity^  but  not  necessarily  hyperf unc- 
tion (lit6)(23).    In  hyperthyroidism,  a  very  low  content  of  thyrotropin  is 
found  in  blood  and  urine.    Lack  of  vitamin  A  leads  to  increased  thyroid 
activity  and  increased  thyrotropic  potency  of  the  pituitary  gland  (1). 

The  hyperactive  thyroid  may  change  to  l^po-  type  very  rapidly.    The  thyroid 
becomes  exhausted  and  the  hormone  becomes  of  poor  quality  and  quantity, 
A  very  marked  seasonal  variation  exists  in  the  percentage  of  iodine  pres- 
ent in  the  healthy,  normal-sized  thyroid  glands  of  sheep,  beef  ^  and  hog« 
There  is  in  general  about  three  times  as  much  iodine  present  in  the  glands 
in  the  months  between  June  and  November  as  in  the  months  between  December 
and  May  (202),    The  glands  are  larger  during  the  months  in  which  the  lower 
iodine  content  was  observed. 

The  iodine  content  in  milligrams  per  gram  of  dried  gland  has  been  deter- 
mined to  be  3.U6  for  normal  glandsj  1,6^  for  early  hyperplastic  glands, 
and  O0I9  for  the  markedly  hyperplastic  gland. 

In  pregnant  cows,  the  thyrotropic  content  of  the  pituitaries  is  greater 
in  early  pregnancy  and  falls  dui^ing  the  late  pregnancy  to  approximately 
the  amount  present  in  the  non-pregnant  animals.    There  is  less  thyrotro- 
pin in  the  pituitaries  of  diy,  pregnant  animals  than  in  dry,  open  ones? 
but  more  thyrotropin  in  lactating,  pregnant  ones.    Likewise,  the  hormone 
is  more  abundant  in  lactatingp  pregnant  cows  than  in  dry,  pregnant  anim- 
als.   The  thyrotropin  content  of  dairy  cow  pituitaries  is  consistently 
greater  than  in  beef  cow  pituitaries  (1), 

The  thyroid  and  parathyroid  glands  function  very  early  in  embryonic  devel- 
opment.   The  thyrotropic  action  of  the  :hypophysis  is  also  manifest  very 
early.    Apparently,  the  characteristic  relationships  between  hypophysis 
and  thyroid  establishes  itself  simultaneously  with  histological  differen- 
tiation of  the  glands  (70),    The  function  of  the  endocrine  glands  during 
fetal  life  is  insignificant  under  optimal  environmental  conditions  of 
fetal  development.    As  soon  as  deviation  from  the  optmura  occurs,  the 
endocrine  system  can  be  mobilized  as  one  of  the  most  important  regulators 
of  vital  functions  in  the  organism  (225 )o 

The  fetal  thyroid  tissue  possesses  a  strong  selective  affinity  for  iodine. 
The  glands  of  beef  fetuses  contain  an  appreciable  amount  of  iodine  as 
early  as  the  third  month  of  intra- uterine  life.     The  iodine  content 
increases  proportionately  with  the  age  of  the  fetus.    Glands  from  70$ 
beef  fetuses  from  6  to  9  months  of  age  were  analysed  and  the  following 
observations  made  (72) j 

1,  Individual  fetal  thyroids  vary  enormously  in  size  and  color, 

2,  The  average  weight  of  normal  fetal  glands  is  9,6  grams  with  a 
maximum  of  19.8  grams  and  a  minimum  of  1,7  grams.    The  average 
weight  of  large  fetal  glands  is  UOoO  grams,  maximum  of  I9I40O 
grams  and  a  minijnum  of  20,2  grams.    The  average  weight  of  adult 
thyroids  is  36,2  grams. 
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TABLE  2, —Thyrotropic  potency  (guinea  pig)  units  per  grain  of  fresh 

_  anterior  lobe  pituitary  of  cattle  (l)o  

Prs-puberty  -  26, i{. 

Puberty  (U-10  months)  =■  males j  38,36  »  females „  32,13 

Early  sexual  maturity  (11-23  months)  •=  malesj  35,02  -  females^  2^4,59 

Late  sexual  maturity  (over  2  years)  -  22,53 


These  inTOstigators  never  found  a  thyroid  gland  that  did  not  contain 
iodine „ 


3o    Normal  fetal  glands  are  relatively  larger  and  contain  more 
iodine  and  phosphorus  per  unit  of  body  weight  than  thyroids 
from  mature  animals <,    The  male  fetal  glands  average  9<,9 
grams,  female  glands  9o3  grams o    The  female  glands  contain  a 
higher  percentage  of  iodine  than  the  male  glands o  Apparently^ 
the  female  metabolism  requires  more  thyroid  activity  according 
to  body  weight  than  the  male  during  the  fetal  stage  as  well  as 
after  birth o 

i|.o    Many  fetuses  show  abnormally  large  glands  that  coincide  in 

iodine  and  phosphorus  content  with  goitrous  glands  from  mature 
animals o    This  may  be  explained  by  concluding  that  the  demand 
for  iodine  in  the  rapid  fetal  metabolism  and  growth,  in  certain 
instances,  may  exceed  the  available  supply  furnished  by  the 
pregnant  animalo    This  supply  may  be  sufficient  for  the  main- 
tenance of  the  maternal  metabolism,  leaving  the  adult  thyroid 
normal,  but  not  sufficient  to  prevent  iodine  starvation  and 
enlargement  of  the  fetal  gland o 

The  enlarged  glands  contain  less  total  iodine  and  much  more 
total  phosphorus  than  normal  thyroids o    This  is  true  in  both 
fetal  and  adult  glands o 

6e  It  has  been  demonstrated  conclusively  that  functional  thera^ 
peutic  activity  and  presence  of  iodine  coincide  in  the  fetal 
thyroid  during  intra=uterine  life  in  analogy  with  the  condi- 
tions diiring  extra ■=  uterine  lifeo 

7o  The  iodine  content  of  the  norraal=-sized  fetal  thyroid  glands 
during  the  last  three  months  of  intra=uterine  life  seems  to 
be  fairly  uniform  throughout  the  various  seasons « 

80    Normal  fetal  glands  are  relatively  larger  and  contain  more 
iodine  and  phosphorus  per  unit  of  body  weight  than  thyroids 
from  fully  mature  animals o 

9o  The  normal  female  fetal  thyroid  glands  show  a  higher  content 
of  iodine  and  seem^,  theref  ore^  to  possess  greater  functional 
activity  than  the  male  fetal  glands o 

lOo    Fetuses  possessing  enlarged  thyroid  glands  on  the  whole  were 
considerably  smaller  than  the  average  fetuses  of  the  same  age 
with  normal  thyroids, 

11 o    The  enlargement  of  fetal  thyroids  exceeds  both  in  frequency 
and  size  the  number  of  goitrous  glands  of  fully  mature  anim= 
als  and  is  apparently  the  consequence  of  insufficient  supply 
or  faulty  assimilation  of  iodine  on  the  part  of  the  pregnant 
animalo 

12 »    Enlarged  glands  in  general^  both  fetal  and  adult,  contain 

less  total  iodine  and  much  more  total  phosphorus  than  normal 
thyroids  o 
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The  thyroid  is  more  concerned  with  the  process  of  embryonal  -unfolding 
than  with  growth  (205). 

The  attachment  of  the  bovine  embryo  to  the  walls  of  the  uterus  bj  means 
of  the  union  of  the  fetal  and  maternal  cotyledons  is  a  gradual  process 
beginning  about  the  thirty-sixth  day  of  pregnancy  in  the  area  closest 
to  the  embryo  and  gradually  spreading  throughout  the  pregnant  hom^  the 
body  of  the  uterus^  and  a  large  part  of  the  non-pregnant  horn  (73)<> 
Measurements  and  weights  of  the  bovine  fetus  show  that  tables  for  nor- 
mal  prenatal  development  can  probably  be  established  (173) »    Some  of 
these  data  are  summarized  in  Table  3  and  Table  k  to  show  the  develop^ 
mental  pattern  (73^  173j  2275  '^h^)  <> 


TABLE  3  o  ""^Embryonic  age^  weight  and  meas\irements  from  twenty -five  to 
forty^three  days; 


Embryo 

;e  Weight 

Crown=rurap 

Contour 

(days) 

(m) 

Length  (cm) 

Length  (cm) 

25  -  28 

0„052 

0c725 

lo711 

35  -  ho 

0<.875 

2o025 

ii„l88 

h2  -  k3 

2„298 

2„977 

6o290 

TABLE  ho- 

="Measurements  of  bovine 

fetuses  by  ageo 

Age  of 

Weight  Forehead" 

Head 

Head  Forearm 

Fetus 

(Gm)  Rump 

Length 

Breadth  Length 

(Dajs) 

Length 

(Cm) 

(Cm)  (Cm) 

(Cm) 

1^5 

2„77 

3o08 

.50 

c825 

oii75 

50 

ko9k 

3,85 

060 

,850 

,500 

60 

13o78 

6060 

1,15 

1,150 

70 

37,25 

9oU0 

3«30 

2o000 

lo900 

90 

159 o 80 

l6oi|0 

5oOO 

3o3G0 

2o700 

100 

317o20 

18080 

60OO 

3o900 

3o300 

120 

82O0OO 

27..  10 

8„U0 

5o000 

5oOOO 

DiO 

1807 0 00 

32„60 

lie  00 

6„100 

7o200 

160 

3562 0 00 

1^3  0  70 

13o20 

7o500 

9,100 

185 

66 85 0 00 

16„60 

80  300 

13  0 200 

200 

10li33»00 

58o50 

I8o20 

9,U00 

180 500 

230 

I8llil;o00 

73«00 

180  50 

10o200 

20 „ 000 

266 

312980 00 

87  c  00 

23«00 

11 0 500 

23,000 
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TABLE        Analysis  of  fetal  beef  thyroids  (70) „ 


Fetus  -  3 
moSo  old 

Fetus  7=8 
moSo  old 

Average  weight  per  gland  (gmSo) 

lc6 

9.0 

Moisture  (percent) 

82  „3 

Desiccated^  fat-free  gland  (percent) 

11;, 8 

l6o5 

Iodine  in  fat^free  gland  (percent) 

Oo08 

0,19 

In  the  bovine^  the  hypophysis  at  birth  is  about  okS  gram  for  females  and 
„5  gram  for  malesj  although  the  i-ange  is  from  ,3  to  o7  gram  for  females 
and  oh  tc  o8  for  males  (78) » 


EWARF'  DESCRIPTIONS  =  HUMAN 

Dwarfism  in  humans  has  been  studied  rather  juatensively  for  a  nimiber  of 
years o    Much  of  this  material  has  been  assembled  and  various  phases  of 
the  work  are  available  in  technical  books  (82^  109s  155|,  175^  191s  2295 
2J4I) ,    Background  for  the  understanding  of  dwarfism  in  humans  has  been 
prepared  in  a  serai -outline  form  (2i|.2)o 

Somatic  growth  is  influenced  by  at  least  three  types  of  hormoness 

B.0    Pituitary  growth  hormone 
bo    Thyroid  hormone 
c  o  Androgen 

All  three  of  these  have  been  shovm  to  stimulate  protein  anabolisra  and 
increase  nitrogen  retention,    Mich  remains  to  be  learned  about  the 
details  of  their  actionj  both  in  accelerating  growt-h  and  in  bringing  it 
to  an  end  through  fusion  of  epiphyses,,    It  is  probable  that  each  of  these 
hormones  manifests  its  effect  at  a  somewhat  different  period  of  life  and 
in  a  different  way.    Thyroid  manifests  its  most  important  effect  during 
the  early  years  of  life^  although  deficiency  causes  a  cessation  of 
growth  at  any  period  of  childhood  (2li2 ) , 

The  period  of  life  d'oring  which  the  pituitary  growth  hormone  is  elaborated 
and  effective  is  not  knoim.    Some  believe  that  it  may  be  of  relatively 
little  importance  during  the  first  few  years « 


Causes  of  Dwarfism 

lo    Bone  diseases s 

A,    Chondrcc^strophy  -  various  types 

Bo    Rickets  =,  all  types 

Co    Osteogenesis  iiJ5)erfecta 

D,    Disease  of  the  spine 

IIo    Nutritional  or  metabolic  disorders ^ 

A,    Celiac  disease  and  cystic  fibrosis  of  the  pancreas 

Bo    Chronic  renal  disease 

Co    Hepatic  insufficiency 

Do    Hurler's  syndrome  of  gargoylism 

Eo    Nutritional  defects  and  chronic  infections 


-9- 


III,    GircijlatiEg  disordersp  with  anexamias 

Ao    Congenital  malf  omations  of  the  hsart 
Bo    Exterisive  chronic  pulmonary  disease 

IV „    EndQci-'ine  disturbances j 
Ao  Hypothyreidism 

Bo    Sexual  precocity  with  early  epiphyseal  union 
G  o  Hypopituitarism 
Do    Mixed  types 

Yo    Delayed  adolescence  with  retarded  growt.h  spurts 

¥Io    Primordial  or  genetic  dwarfism: 
A «  Familial 
B  o  Sporadic 

.      Go    Synd}"ome  of  ovarian  agenesis  and  dwarfism 

VIIo    Progenie  types  of  dwarfism? 

Ao    Hutchinson  -  Gilford  type 
Bo    Cocka^^Tie  -  Neill  type 

Cretinism; 

Among  endocrine  disorders  causing  dwarfism-,  l^othyroidism  is  probably 
the  most  coraraori  (2li2)o    The  incidence  of  cretinism <,  together  with  various 
types  of  goiter  disturbance^  has  caused  considerable  confusion.  Cretin- 
ism occun"iE.'g  in  goiter  areas  has  been  designated  as  endemic  cretinismo 
When  cretiEism  occurs  in  regions  where  goiter  is  not  endemic^  it  is  known 
as  sporadic  eretlnismo    It  is  usually  accompanied  ty  no  evidence  of 
goiter  (l(^)o 

The  term  '■'^ cretinism'^  was  first  used  to  designate  endemicj  congenital 
hypothyreidism^  a  dis(Qrder  primarily  due  to  iedine  deficiency  in  the 
mothero    la  recent  yearsj  it  has  been  used  indiscriminately  to  refer  to 
thyroid  hypof unction  in  infants  and  young  children^  irrespective  of  the 
etiological  cause  (170)  <> 

¥hec.  sevi^r-e  tJ^yroid  deficiency  has  existed  oirer  a  considerable  span  of 
time  duidng  the  early  years  of  gro'wthj,  it  giYes  rise  to  the  classical 
clinical  -plctvr®  described  as  cretinismo    Many  cretins^  however^  when 
seen  during  the  first  year  or  two  of  liTe,  are  less  grotesquely  abnormalj 
and  on  superficial  Inspection  might  be  mistaken  for  fairly  n©rm.al  infants 
considerably  younger  than  their  actml  age  (2)4.0}  „ 

The  syisptoEiatolcgyj  physical  changes  and  radiologic  abnormalities  depend 
upon  the  degree  of  thyroid  deficiency  and  upon  the  age  of  the  child  when 
the  dist-urbance  comraenced  (82)o 

Hypothyroidism  may  exist  in  utero  or  may  develop  in  infancy,  in  childhood, 

or  in  adult  lifSo    Since  the  thyroid  hormone  plays  a  role  in  growth  and 
matui'ationg  the  effect  of  a  lack  of  it  during  the  gro-ferth  period  will  be 
differaat.  and  m©re  devastating  than  du:^ing  a  time  of  lif  e  when  full  matur- 
ity and  growth  bave  been  attaiiied  (1^5  }o 
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A  child  may  be  born  normal  and  function  normally  until  he  is  attacked  by 
some  acute  infectious  disease  or  some  other  acute  pathological  condition 
•which  produces  acute  thyroiditis  and  subsequent  atrophy  of  the  thyroid 
gland c  It  seems  in  these  cases  that  during  this  acute  attack  there  is  a 
call  for  thyroid  on  the  part  of  the  body.  It  is  supplied  at  the  expense 
of  a  diminished  reserve  (83)„ 

Cretinism  is  seldom  recognized  at  birth.    Retardation  of  physical  and 
mental  development  becomes  more  noticeable  in  the  following  months^ and 
by  the  end  of  the  first  year  the  clinical  picture  has  often  developed 
(112,  172)0 

If  thyroid  deficiency  does  not  occur  until  in  later  childhoodj  the 
patient  will  have  attained  such  grovrth  that  he  cannot  be  classified  as 
a  dwarf  (Ihj  2liO)o 

The  relation  of  thyroid  insufficiency  in  the  mother  probably  bears  a 
definite  relationship  to  the  occurrence  of  the  ir^edema  and  cretinism 
in  her  children o    Furthermore^  it  is  probable  that  the  time  of  incidence 
of  the  greatest  thyreoid  deficiency  of  the  mother  during  her  pregnancy  has 
a  bearing  upon  the  development  of  the  brain  of  the  fetus o    Another  factor 
is  insufficient  maternal  thyroid  during  the  period  of  lactation.  It 
would  appear  that  the  possibilities  are  these; 

ao    Insufficient  maternal  tl::5rroid  secretion  during  pregnancy  with 
consequent  neural  defects  in  the  offspring 

be    Insufficient  thyroid  in  the  newborn^  uncompensated^  due  to  in- 
sufficient thyroid  in  the  maternal  or  other  milk 

Co    Insufficient  thyroid  in  the  newborn^  compensated  for  by  the 
maternal  milk^  such  cases  becoming  hypothyroid  after  lactation 
is  over 

Pregnancy  is  said  to  protect  some  females  from  incipient  myxedema^  the 
disease  establishing  itself  only  after  parturition  or  at  the  approach 
of  menopause,  but  in  other  cases  pregnancy  appears  to  aggravate  the  dis- 
order (191)0    It  has  been  estimated  that  82=85  percent  of  people  affected 
with  thyroid  disease  are  females 0     It  seems  possible  that  this  is  due  to 
the  alterations  in  metabolism  incident  to  pregnancy  (129) o 

Although  cretin  symptoms  may  not  be  marked  during  the  first  year  and  a 
half  of  life,  it  appears  that  even  then  the  patients  had  a  congenital 
deficiency.    Some  thyroid  function  was  present  that  later  was  losto 

The  differentiation  of  complete  cretinism,  partial  cretinism,  infantile 
myxedema  and  juvenile  myxedema  is  hard  to  make  because  hypothyroidism 
has  a  gradual  and  insidious  onsets  because  maternal  hormone 3  absorbed  by 
the  child  in  uteroj  affords  protection  f lom  symptoms  for  a  considerable 
timej  and  because  minor  amounts  of  hormone  may  be  obtained  from  milk  and 
food  (81)0 

When  an  individual  affected  with  thyroid  disturbance  becomes  pregnant^ 
unless  that  disturbance  is  couriterbalanced  ty  exceptionally  favorable 
conditions,  there  will  be  a  more  or  less  severe  form  of  fetal  athyreosis 
and  grave  disturbances  will  be  produced  in  the  maternal  organism  also 
(83)0    Female  animals  have  more  iodine  per  unit  of  body  weight  than 
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maleso    They  are^,  hence^  more  susceptible  to  iodine  shortage„  Temporary 
physiological  enlargement  of  the  gland  may  take  place  in  females  at 
puberty  or  perhaps  in  cold  weather  (7k)  <> 

Pat  ho  logically  c,  three  types  of  thyroid  deficiency  in  children  can  be 
recognized  (17.5); 

So  Absence  of  the  gland 
bo  Atrophy  of  the  gland 
Co    Enlargement  of  the  gland 

Absence  of  the  glands 

Athyreosis  may  result  from  failure  of  the  gland  to  develop  during  embry- 
onic life  or  from  wasting  of  the  gland  at  some  time  duidng  or  shortly 
after  intra=uterial  life. 

Atrophy  of  the  thyroid  glands  (Incomplete) 

Atrophy  of  the  thyroid  gland  may  occur  either  spontaneously  shortly 
before  or  after  birth^  or  following  a  childhood  intoxication  or  infec-^ 
tion  in  a  previously  normal  child « 

Enlargement  of  the  thyroid  glands 

Pathologic,  p'rocesses  may  be  present  at  birth  but  the  clinical  picture 
is  not  fully  dex'eloped  until  some  time  latere  This  is  referred  to  as 
"sporadic  cretinism,," 

If  thyroid  f-oncticn  ceases  in  a  previously  normal  (enthyroid)  child 
before  full  stature  and  maturity  are  attained^  the  manifestations  will 
be  intenasdiate  between  those  of  adult  myxedema  and  cretin5.smo  Mental 
development  is  arrested  at  the  stage  at  which  the  deficiency  appears » 
The  same  is  trae  of  osseous  development  (175) o    The  various  descrip= 
ti©ns  of  human  cretins  do  not  completely  agree  in  all  respects.    It  is 
©bvious  that  there  are  many  modifications  due  to  age  at  time  of  onset 
as  we'll  as  severity  of  the  def  iciencyo    Some  of  the  characteristic  symp- 
toms wM-ch  appear  to  be  of  the  most  interest  because  of  a  possible 
analogy  in  beef  cattle  are  presented o    These  symptoms  are  listed  under 
various  headings  in  order  to  avoid  as  much  confusion  as  possible «, 

Skeletal? 

The  characteristic  lesion  is  failure  of  bone  formation  in  cartilage « 
The  long  bones,  although  short<,  are  relatively  thick^  with  prominent 
muscular  ridges o    The  epiphyses  commonly  unite  late.    This  marked  delay 
in  the  processes  of  maturation  is  one  of  the  most  definite  character- 
istics of  hypothyroidism  (62^  II25  170,,  172^  206^  2liO)o    The  thickened 
long  bones  are  often  bowedo    The  expansion  of  the  cartilage  end  of  the 
long  bones  is  responsible  for  the  marked  bending  of  the  ribs  (63^  I685 
2!;0)o    The  hands  are  broad,  thick  and  stumpyo    The  fingers  are  sq'uare 
at  the  tips  (63s  206  )„ 

The  feet  appear  to  be  broad  and  squat  (63^,  167^  206)  and  the  neck  is 
short  and  thick  (63^  21+0)  „    Some  extreme  cases  also  show  lumbar  lordo- 
sis (189)  and  the  individuals  are  actually  deformed  (l68)o    When  the 
def icieBcy  has  existed  from  an  early  age^  infantile  proportions  of  the 


upper  and  lower  skeletal  segments  persist,  the  naso-orbital  configuration 
is  undeveloped^,  and  osseous  development  is  retarded  (2h2)  ^    If  the  defi- 
ciency does  not  develop  until  later  childhood  when  a  more  mature  skeletal 
development  already  has  been  attained,  the  characteristics  cf  early  infancy 
are  not  f  oundc    Marked  retardation  of  osseous  development  is  not  in  itself 
diagnostic,  of  hypothyroidism  and  may  tae  found  in  pituitary  dwarfism  or 
even  in  cases  of  delayed  adolescencso 

Epiphyseal  dysplasia  has  been  considsr'ed  by  some  workers  as  one  of  the 
most  important  anatomic  characteristics  of  hypothyroidism  (69s  83^  172^ 
1895  211^5  2285  2hOg  2klg  2h2)o    It  is  due  to  a  disorder  of  cartilages  of 
the  epiphyses  and  round  bones  leading  to  irregularities  in  their  subse- 
quent ossification o    NoiTOally^,  ossification  begins  from  a  single  small 
focus  in  the  center  of  the  cartilage  and  extends  peripherally  in  an 
orderly  mannero    If  thyroid  deficiency  exists  during  the  period  in  which 
ossification  nontially  occurs^  the  appearance  of  the  deposition  of  calcium 
is  considerably  delayed o    When  calcification  finally  occurs j  it  appears 
as  multiples  small^  irregular  foci  scattered  over  a  considerable  area 
of  cartilage o    These  grow  larger  and  coalesce  to  form  a  single  irregular 
center t,    According  to  the  stage  of  the  process^  the  roentgenogram  may 
show  multiple  small  centers  of  ossification  or  a  single  center  which  may 
appear  either  stippled,  porous5  fluffy  or  f ragmentedc    Although  hypo- 
tl:]OTroid  epiphyseal  dysplasia  is  observed  most  freqijantly  and  is  most 
spectacular  in  the  heads  of  the  femurs  and  the  navicular  of  the  tarsus^ 
it  involves  all  the  endochondral  centers  in  which  ossification  normally 
occurs  during  the  period  in  which  the  def  iciency  exists  (2ij.0)o 

In  endemic  cretinisms  the  retardation  of  ossification  is  much  more  irreg"= 
ular  than,  in  childhood  myxedema »    There  is  a  premature  synosteosis 
between  the  os  basilore  and  the  sphenedd  with  a  consequent  earlier  clos- 
ing of  the  fontanels  o    In  ngrxedemsj  the  enchondral  and  periosteal  ossifi" 
cation  is  considerably  retarded  and  takes  place  later  in  lifeo  The 
fontanels  remain  open  for  a  long  time  (83)0 

Only  those  centers  show  dysplasia  in  which  the  appearance  of  ossification 
has  been  delayed  as  a  result  of  hypothyroidismo    With  continued  treatment, 
ossification  takes  place  normally  in  those  centers  which  ordinarily  would 
not  have  been  ossified  at  the  age  when  therapy  was  begun  (2ii.l), 

Deformity  of  the  vertebial  bodies  in  hjrpothyroidisra  appears  to  develop  in 
postnatal  lifeo    Pr©lif eration  of  cartilage  is  irregular  and  often  defi- 
cient in  cretinism,  gargoylism  and  achondroplasia,  and  is  probably  the 
essential  abnormality  which  pemits  the  formation  of  these  dysplastic 
vertebrae  (69 ) o 

The  skull  is  changed  in  shape  since  the  base  is  formed  in  cartilage.,  The 
usual  picture  is  that  of  a  brachycephalic  head  with  a  broad  face  and  pos- 
sibly a  small  sella  turcica  (77,  115 j  l68)c 

The  proportions  of  the  head  ciriange  dui-lng  gestation o    Head  length  slowly 
and  gradually  increases  in  proportion  to  width  of  forehead  and  also  in 
proportion  to  width  of  head  at  the  level  of  the  eyes  (227)  „ 

The  normal  changes  in  proportion  of  the  head  in  the  infant  and  later  dur- 
ing childhood  are  marked.    They  are  the  results  of  both  environmental  and 
genetic  factors.    The  genetic  factors,  however,  seem  in  the  long  run  to 
determine  the  head  form  of  the  adult  (k9)  <> 


A  definite  rePiationship  appears  to  exist  between  menarcheal  age  (a  meas=- 
ure  of  sexual  maturity)  and  size  and  development  of  head.    In  both  length 
and  width  of  headc,  most  markedly  in  the  latter^,  the  dimensions  are  larger 
in  girls  with  early  menarche  than  in  girls  with  late  menarche  (80)o  Max- 
imum  growth  tends  to  occur  about  the  time  of  menarche |  hence^  earlier  in 
girls  of  early  menarche o    Sex  differences  for  head  length  and  width  are 
much  smaller  in  young  children  than  in  adult So     The  cephalic  index 
increases  rapidly  from  1  through  7  months^  remains  approximately  level 
until  10  monthSc,  and  then  decreases  very  slowly  after  12  months  of  age 
(11) o    The  head  may  continue  to  grow  until  50  years o    This  indicates  a 
more  or  less  continued  plasticity  with  a  possibility  of  prolonged  con^ 
structive  changes  before  the  set-in  of  senility  (105)o 

In  the  cretinj,  the  bridge  of  the  nose  is  flat  and  broad^  causing  the  eyes 
to  appear  widely  spaced  (63.9  ITOj  2iiO)o    The  head  is  often  a,3ymmetrical 
(206)  and  may  appear  large  in  proportion  to  the  rest  of  the  body  (635  II25 
1685  1725  21^0) o    The  nostrils  are  often  large  and  t^be  nose  pug=shaped 
(63c,  168)0    The  forehead  is  low  (63 )s  lower  jaw  prognathic  (168 )c,  and  the 
palate  may  be  high  and  arched  (1673  l68)o    The  forehead  is  often  wrinkled 
and  the  palpebral flss^dires  are  horizontal  (2(D6)o    The  lower  lip  is  thick 
and  may  be  everted  (63c,  I685  2063  228 )„    The  face  appears  puffy  (63 c,  82^ 
228)0    Macroglossia^  together  with  an  open  mouth  and  drive llingj  gives 
the  individual  a  stupid  expression  (635  82c  I683  2063  228^  2i;0)o 

Neural? 

The  association  of  mental  defect  and  thyroid  insuf f iciency  indicates  the 
close  intsrdependency  during  growth  of  the  central  nervous  system  and  the 
thyroid  gland o 

Three  varieties  of  nervous  symptoms  in  cretinism  have  been  described  (9^5 
121): 

Eo    Chore  if  o:rm 
bo  Ataxic 
Go  Spastic 

The  cretin  has  an  expression  that  has  been  described  as  dullo  apatheticj 
and  immobile  (8I5  170<,  2065  21105  21x2  )„    The  individuals  are  mentally 
retarded  aad  have  other  neurological  disorders  (Ih^  8lq  82,,  9$^  112 <,  121^ 
133 i)  IkUc,  1725,  189)0    The  movements  are  clumsy  and  ^ansteady  and  they 
occasionalGy  have  cerebral  diplegia,  affecting  chiefly  the  legs  (128) o 
Some  suffer  from  convulsions  when  young  (63)  and  others  have  tonic  spasm 
and  rigidity  of  facial  and  laryngeal  muscles  (229) o    Hearing  is  impaired 
(iBOg  I55s  168)0    An  extensive  biometrical  study  was  made  of  the  endo- 
crine organs  in  relation  to  mental  disease  (176) o    These  results  indi= 
cated  that  the  insane  and  mentally  deficient  people  are  undersize^^  both 
in  stature  and  bcdy  weight  (14.6)0    Their  gonads  and  thyroid  are  smaller 
than  normal  in  relation  to  total  weight  of  the  endocrine  system  while  the 
thymus  and  parathyroids  are  larger  (176)o 

A  study  of  the  brain  of  the  cretin  has  indicated  that  the  convolutions  of 
the  brain  in  the  parietal  and  occipital  regions  are  unusually  narrow  (63)0 
It  has  been  fo'ond  that  the  calcium  content  of  the  brain  is  above  normalc, 
the  phosphorus  content  below  normal,,    Moderate  hydrocephalus  has  also 
been  noted  in  the  cretin  (168^  21l|)c    In  somec,  the  hydrocephalus  appears 
to  be  due  to  a  disturbance  of  the  normal  relationship  between  the  brain 
stem  and  the  floor  of  the  skullo    In  others,,  the  hydrocephalus  is  due  to 


constriction  of  the  sigmoid  sinuses  or  obstruction  in  the  posterior  fossa 
(168)0    In  the  human,  some  types  of  hydrocephalus  are  inherited  as  a  sim= 
pie  recessive  (Ik) o    Stricture  of  aqueduct  of  Sylvius  causes  about  half 
the  cases  of  hydrocephalus  in  infants.     Congenital  strictures  may  also 
occur  in  the  foramina  of  Monro,  the  foramina  of  Mogendie  and  Lushka^  or 
the  cistema  along  the  base  of  the  brain» 

Eyes; 

Defective  vision  appears  to  be  very  comon  in  cretins  and  probably  in 
parents  of  cretin  children  (l62)c    Coarse  nystagmus  and  internal  strabis- 
mus have  been  noted  (l50)  as  well  as  high  myopia  and  hypermetropia  (l62, 
2U0)o 

Teeths  hair  and  skin? 

The  teeth  are  generally  retarded  and  often  defective  (63,  8I,  170,  2[|.0, 
206),    The  skin  is  dry  and  scalyi  in  some  cases  it  even  appears  leathery 
(63,  82,  170,  206).    The  hair  is  harsh,  coarse,  and  usually  scanty  (7i|, 
170^  206)0    Onycholysis,  the  partial  separation  of  the  nail  from  its  bed, 
has  also  been  noted  (Ih) o 

General  health: 

The  prominent  and  bulky  abdomen  is  characteristic  of  the  cretin  (63,  206, 
2l;0).    Infants  take  feeding  slowly  and  with  difficulty  (170)  o    Many  of 
the  cretins  are  anemic  (170)  and  lowered  urine  elimination^  together  with 
slight  albuminuria^  has  also  been  noted  (129) o    The  respiration  is  slow 
and  grunting  (63),  and  hay  fever  and  asthma  have  also  been  reported  (20U)<. 
The  BMR  is  affected  as  shown  by  a  slow  pulse  (63^  2^0) ^  subnormal  temper- 
ature (63),  hypercholesterolemia,  and  diminished  PBI  (2ii2)o    Some  obesity 
may  be  present  (82)  and  the  peripheral  circulation  is  impaired  (2[|.2)e  In 
some  cretins,  the  thyroid  gland  is  actually  impalpable  (206), 

Others 

The  cretin  is  often  small  at  birth,  although  the  weight  is  usually  with- 
in nonnal  limits  (63,  82,  112,  172  )<,    The  voice  may  be  coarse  and  harsh 
(2U0)o    Excessive  fat  deposits  are  frequently  found  in  the  posterior 
triangle  of  the  neck  (83,  206) »    Another  cretin  characteristic  that  has 
been  reported  is  a  prominence  of  the  antithenar  eminence  over  the  situa=° 
tion  of  the  os  pisiformiSo    This  prominence  is  immediately  adjacent  to 
the  groove  which  separates  the  pa'Lm  of  the  hand  from  the  forearmo  It 
is  distinctly  localized  to  this  portion  of  the  antithenar  eminence  and, 
viewed  from  the  above  groove,  gives  a  bayonet-like  appearance o     It  prob- 
ably represents  over-development  of  the  small  muscles  of  the  inner 
border  of  the  hand  attached  to  the  os  pisif ormis,  as  well  as,  perhaps, 
an  enlarged  condition  of  the  bone  itself  (83)0 

Adult  hypothyroidism f 

In  adultsj  many  of  the  familiar  physical  signs  of  hypothyroidism  depend 
on  a  lowered  rate  of  metabolism  and  alterations  in  the  circulation o  In 
addition^  abnormalities  in  chemical  processes  cf  the  body  are  responsible 
for  some  of  the  characteristic  changes  in  subcutaneous  tissues,  skin^ 
hair,  and  muscle  to  which  the  term  myxedema  has  been  applied  {2.hO)  „ 


The  characteristics  of  adult  trypothyroidism  may  be  useful  both  in  accur- 
ate classification  of  dwarfs  and  in  possible  identification  of  trans- 
mitters»    Some  of  the  characteristic  symptoms  of  adult  hypothyroidism 
are  (129^  130,  1^$,  175) s 

lo    Mentally  dull|  drowsy  most  of  the  day  and  fall  asleep  as  soon 
as  they  sit  down 

2,    Impaired  hearing 

3e    Slowness  of  movement 

ho    Skin  is  pallid,  dry  and  coldj  in  severe  cases^  skin  is  coarse 
and  thick 

5o    Hair  is  dry^  coarse^  and  brittle 
6„    J^edema  occurs  in  severe  cases 

7o    NormocytiCj  nomo-  or  hypochromic  anemia  is  a  common  finding 
in  severe  cases 

8o  Heart  increased  in  size 

9<,  Heart  beat  is  feeblej  bradycardia  is  sometimes  observed 

lOo  No  consistent  changes  in  blood  pressure 

llo  High  incidence  of  arteriosclerosis 

12 o  Constipation  due  chiefly  to  hypoperistalsis 

13a    H3rpothyToid  women  have  diminished  fertility  and  are  often 
sterile  I  the  incidence  of  abort ion^  prematurity^  and  still- 
birth is  high  in  untreated  cases  and  is  roughly  proportional 
to  the  severity  of  the  hypothyroidism 

llio    Serum  cholesterol  levels  high 

15.    Phospholipid  values  are  also  elevated 

16  <,    High  serum  carotene  levels  have  been  found  in  a  number  of 

hypothyroid  patients|  this  may  be  the  result  of  an  inability 
to  convert  carotene  to  vitamin  A 

17o    Serum-protein  values  are  frequently  elevated  and  the  cerebro- 
spinal fluid  pressure  has  been  found  to  be  increased 

18,    Of  the  people  affected  with  adult  myxedemaj  78°'82  percent  are 
females 

19 o    One  of  the  f  irst  symptoms  is  hypersensitiveness  to  cold 

20,    In  the  maleo  sterility  is  due  to  low  vitality  of  spematozoa 

In  adult  life,  thyroid  deficiency  is  not  accompanied  by  conspicuous 
clinical  changes  unless  it  is  raarkede    In  infancy  and  childhoodj  on 
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the  contrary,  even  moderate  degrees  of  thyroid  insufficiency  interfere 
considerably  with  normal  physical  and  mental  growth.    Cretinism  develops 
in  degree  corresponding  to  the  severity  of  the  thyroid  deficiency  and 
the  age  at  time  of  onset  (191) o 

In  attempting  to  associate  adult  hypothyroidism  with  physical  character^ 
istics,  the  following  description  has  been  offered  (l55)? 

"The  bodily  habitus  as  a  whole  is  more  often  than  not  that  of 
a  rather  squat,  dumpy,  thick-necked  and  potbellied  variety. 
¥e  have  very  seldom  seen  myxedema  in  tall,  thin  subjects o 
Some  degree  of  slight  obesity  is  likewise  present  in  over  80 
percent  of  the  cases »" 

Other  investigators  have  noted  that,  in  a  majority  of  the  cases^  famil- 
ies of  dwarfs  were  short  of  stature  (196) » 

Mongolism; 

Mongolism  is  a  form  of  dwarfism  that  has  some  of  the  characteristic 
symptoms  of  cretinism  (13) o    It  is  a  relatively  common  occurrence,  an 
incidence  of  Oo3U  percent  of  all  births  having  been  reported  (175 )« 

Diagnosis; 

Forehead  is  higher  and  broader  in  newborn  infant o    Frontal  bones  prom- 
inent.   The  eyes  are  protruding  and  the  palpebral  fissure  appears  more 
or  less  slanting  0    The  orbital  cavity  appears  small  in  relation  to  the 
eyeballs  and  the  distance  between  orbits  is  less  than  normal.  The 
face  is  flat.    These  characteristics  become  more  pronounced  as  the 
individual  gets  older.    At  birt^h  the  height  of  the  Mongoloid  child  is 
within  the  limits  of  the  normalo    There  is  some  retardation  during 
chLildhood  and  this  becomes  very  apparent  after  eight  years  of  age. 
At  birth  the  circumference  of  the  skull  is  within  limits  of  the  normal, 
but  the  skull  does  not  grow  nearly  as  rapidly  as  normal,,  Ossification 
centers  in  the  carpal  bones  may  often  be  premature. 

Study  of  skulls 

The  skull  is  the  most  important  characteristic  of  the  Mongoloid,  The 
anterior  cavity  is  characterized  by  extreme  protrusion  of  the  roofs  of 
the  orbits.     The  cribriform  bone  is  short  and  retracted  and  forms  a 
small^  deep  valley  between  the  arches  of  the  orbits.    The  roofs  of  the 
orbits  ascend  laterally  toward  the  frontal  bone  without  leaving  any 
deepening  between  the  top  and  the  facies  temporalis  of  the  frontal 
squama.    The  sphenoid  bone  is  small  and  the  body  of  the  bone  under- 
developed.   Neither  the  frontal  nor  the  sphenoid  sinus  is  present.  The 
middle  cavity  appears  deep  and  is  overshadowed  by  the  projecting  major 
wings  of  the  sphenoid  bone. 

Primarily,  the  cartilaginous  bones  are  affected.    There  is  a  disorder 
in  the  proliferation  and  ossification  of  the  cartilaginous  bones.  In 
the  carpal  and  long  bones,  ossification  is  early  and  growth  of  the  bones 
comes  to  an  early  end.    At  the  base  of  the  skull  the  cartilaginous  bones 
show  lack  of  proliferation  and  irregularity  in  ossification.    The  mem- 
branous bones  are  much  less  affected  than  the  cartilaginous  bones|  thus, 
the  latter  continue  to  develop.    The  closure  of  the  fontaaels  is  usually 
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retarded  and  the  fontanels  are  larger  than  in  normal  children,,  The  clos- 
ure of  the  fontanels  is  due  to  proliferation  and  ossification  of  membran- 
ous bones o 


Early  ossification  of  the  base  of  the  skull  limits  the  groi-jth  there^, 
whereas  the  membranous  formation  of  the  temporal  and  parietal  bones  will 
probably  result  in  an  increase  in  widtho    Increase  in  length  is  more  lim- 
itedj  and  the  skull  becomes  more  brachycephalic  because  the  occiput  does 
not  participate  in  growth o 

The  malformation  of  the  skull  in  Mongolism  resembles  that  of  chondrodys- 
plasia^ but  in  chondrodysplasia  only  the  base  of  the  skull  is  affected 
and  the  vault  does  not  participate  in  the  disorder.    In  cretins  alsoc, 
the  vault  is  nomally  developed  and  the  skull  is  usually  larger  in  cir- 
cumference than  normalo 


In  one  of  the  early  studies  of  Mongolism  and  cretinism^  the  following 
characteristics  were  listed  as  typical  of  Mongolism  (83^  206) j 


1=  Noticeable  from  birth 

2o  Skull  brachycephalic;  contour  rounded  or  short  oval 

3e.  Forehead  usually  smooth 

ho  Palpebral  fissures  "almond  shaped" |  frequent  epicanthus  and 

strabismus 

5«  Cheeks  chubby 

6o  Lips  often  transversely  fissured 

7o  Tongue  large  and  coarsely  papillate 

Qo  Skin  smooth  in  irifancy  but  furfuraceous  later 

9o  Hair  "wiry"^?  dawny  growth  comraon  on  forehead  and  cheeks 

10 o  Thyroid  gland  palpable 

11=  No  excessive  fat  deposits  in  posterior  triangle  of  neck 

12 o  Long  bones  shorter  than  normal^  but  slender 

13 o  Hands  broad^  thumb  and  little  finger  short|  fingers  taper  at  ends 

liio  Feet  '.large  and  flat;  fissure  between  great  and  next  toe  often  seen 

l5o  Abdomen  often  distended^  occasional  umbilical  hernia 

l6o  Expression  more  or  less  vivacious  and  mobile 


Some  additional  characteristics  that  have  been  described  ares 


lo    Replacement  of  the  usual  three  creases  on  the  minimal  digit 
of  the  hand  by  two  creases  only^  so  that  the  markings  on 
this  finger  resemble  those  on  the  thuinb,  although  the  cor- 
rect number  of  phalanges  is  present  (177) 

2e    Strabismus  (137) 

3'..    A  deep  furrm  between  first  and  second  toes  of  both  feet 
(137) 

lj.o    Brain  in  Mongolian  idiocy  shows  (50)t 

ao    Agenesis  =>  as  evidenced  by  cell  poverty  and  failure 

of  ©rral  development 
bo    Aplasia  -  as  shown  by  its  small  size  in  comparison 
with  normal 

Co    Paragenesis  -  as  demonstrated  by  the  frequent 
occurrence  of  anomalies 


Members  of  a  series  of  over  100  families,  each  selected  by  the  pres- 
ence of  at  least  one  case  of  Mongolism  imbecility^  have  been  blood 
typed  for  several  factors o    No  gross  anomalies  in  the  distribution 
of  antigens  eitbgr  in  the  propositi  or  their  sibs  were  observed  (127), 
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It  was  therefore  concluded  that  Mongolism  cannot  be  due  to  antigenic 
incompatibility  between  mother  and  fetus  for  any  of  the  antigens  studied. 
In  a  review  of  the  causation  of  Mongolism  and  its  prognosis,  it  was 
determined  that  l6  percent  of  the  cases  had  a  definite  neuropathic  family 
history  (66)<, 

There  is  a  definite  opinion  among  many  research  workers  that  a  maternal 
influence  is  directly  associated  viith  Mongolism  (111,  ll5,  l?^^  199a  206). 
More  than  a  third  of  the  Mongoloid  children  have  congenitally  missing  or 
defective  upper  lateral  incisors.     This  is  interpreted  as  evidence  of 
injury  to  the  primordium  normally  differentiating  about  the  seventh^ 
eighth  or  ninth  week  of  intra-uterine  existence.     The  Mongoloid  baby  is 
thought  to  have  suffered  critical  stress  at  this  period  of  life  and  to 
have  survived,  but  with  the  permanent  arrest  of  certain  ocular,  dental, 
cardiac,  skeletal,  and  nervous  tissues  (111). 

The  factor  or  factors  causing  this  disturbance  have  not  been  definitely 
determined.    Some  which  have  been  postulated  are: 

lo    Glandular  or  chemical  disbalance  in  the  mother  at  the  time  of 
gestation  (199) 

2o    Too  narrow  amniotic  sac  or  too  high  a  pressure  inside  it  (ll5) 
3o    Imperfect  nidation  due  to  a  defective  uterine  mucus  membrane 

(115) 

ho    The  age  of  the  mother  may  be  a  factor,  older  mothers  tending  to 

have  a  higher  incidence  (206) 
5o    Later  children  in  large  families  are  more  generally  Mongoloid 

(206) 

6o    uterine  exhaustion;  ill-health,  privation,  or  anxiety  of  the 

mother  may  be  involved  (ll5) 
7o    Miscarriage  (11^) 

In  the  bovine,  the  uterine  part  of  the  placentoma  is  an  outgrowth  from 
the  stratum  compactiM  of  the  caruncle.    It  forms  crypts  which  surround 
the  villi  of  the  fetal  cotyledon,    A  low  syncjrbium  of  undetermined  origin 
covers  the  septa  of  the  caruncular  crypts  everywhere  except  on  their 
distal  endSo    This  syncytium  contains  a  lipid  and  it  forms  a  complete 
alkaline  phosphatase  barrier  between  matemal  and  fetal  bloods  (238). 
The  fetal  effect  must  be  transmitted  through  this  barrier,  just  as  mater- 
nal influences  are  carried  to  the  fetus.    However,  the  relationship  can 
be  more  complex  than  a  straight  fetal-maternal  exchange  during  gestation. 
For  example,  it  has  been  shown  that  eggs  of  goitrous  female  pigeons  take 
two  to  three  days  longer  to  hatch  (7U)o    There  are  also  reported  instan- 
ces of  Mongolism  in  one  of  twins  (I69)  and  it  has  also  been  postulated 
that  it  may  be  caused  by  the  father  since  two  brothers  who  married  unre- 
lated females  each  ha.d  a  Mongoloid  child  (137) « 

Gargoylism; 

Gargoylism  is  considered  as  a  form  of  dwarfism  different  from  cretinism 

and  Mongolism,    The  characteristic  symptoms  of  gargoylism  have  been 

described  in  some  detail  (Sky  100,  II6). 


Most  cases  grow  normally  for  about  the  first  year,  then  growth  is  markedly 
retarded o 


TABLE  60 


Comparison  of  Mongolism  and  cretinism  (175) 


Cretins 


Mongols 


Condition  apparent 
Height 

Body  proportions 
Hands  and  feet 


3  to  5  moso  of  age 
Dwarfs 

Short  extremities 
Square 3  short 


Closure  of  fontanel    Greatly  delayed 


Teeth 

Joints 

Skin 

Color  of  face 

Perspiration 

Hair 

Eyelids 

Nose 

Mouth 


Expression 
Heart 

Speech 

Effect  of  thyroid 

therapy 

Infections 


Delayed  eruption 
Normal 

Dry^  doughyj,  thick 

Pale  yellow 

Lessened  or  absent 

Sparse,  brittle 

Pseudo -edematous J  thick 

Bridge  depressed 

Thick  lips 5  large  tongue 


Apathetic  or  anxious 
Slow  rate 

Delayed^  deep  voice 
Rapid  improvement  of 
all  symptoms 
Nomal  resistance 


At  birth 

Normal 

Normal 

Short I  bifid  tendency  in 
hands  and  feet 
Some  delay 

Some  delay  in  eruption 

Extremely  flexible 

Softj  shiny^  smooth 

Red 

Normal 

Fine 3  soft 

Slit J  turned  up  and  out 
Widej  depressed 
Nomal  size,  fissured 
tongue 5  usually  protruding 
and  with  small  tip 
Cheerful^  comiCj,  or  stupid 
Frequently  congenital  mal- 
formation 
Delayed 

Improvement  of  constipation^ 
hernia  and  dentition  only 
Very  susceptible  to  disease 


Head; 

The  cranium  is  nearly  always  enlarged  and^  unlike  the  face,  its  conforma- 
tion is  variable o    Scaphocephalyj  acrocephaly^  oxycephaly^  and  brachyceph- 
aly  have  been  noted o 

Bulging  of  the  squamous  part  of  the  temporal  bones  often  occurso  Hydro- 
cephalus is  a  frequent  complicationo    Bony  ridges  along  the  sutare  lines 
and  unduly  prominent  supraorbital  ridges  sometimes  occur,.    Closure  of  the 
anterior  fontanel  is  always  greatly  delayed o 

The  facial  appearance  is  typical  and  one  of  the  most  constant  features o 
The  nasal  bridge  is  flat  and  wide  and  the  nostrils  are  often  turned  for- 
wardc.    The  mandible  is  broad  and  heavy  and  the  teeth  are  widely  spaced^ 
irregiO^ar^  and  poorly  developede    Dentition  is  often  greatly  delayed,, 
The  lips  are  thick  and  the  tongue  large »    Full  cheeks  are  the  rule  and 
they  often  have  a  ruddy  huec    Ears  appear  unduly  low-set  and  occasionally 
are  enlarged c    Hair  is  firm  and  silky., 

Truak: 

Neck  shortj,  head  appears  planted  on  the  shoulders c    Chest  usually  m.al" 
f ormfido 
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Vertebrae; 

In  almost  every  instance,  kyphosis  in  the  lumbar  or  dorsiluinbar  region 
has  been  noted^  usually  associated  with  scoliosis «    Vertebral  bodies  are 
irregular,  flattened,  or  wedge-shaped  in  outline  and  may  be  considerably 
reduced  in  sizeo    The  twelfth  dtorsal  or  first  or  second  lumbar  vertebra 
is  most  affected,  and  in  this  region  one  or  more  of  the  vertebral  bodies 
has  an  anterior  hook-like  process » 

Limbs: 

Arms  relatively  short|  mobility  of  joints  impaired^    Scapulae  usually  lie 
abnormally  highc    Bones  are  thickened  and  roughly  formed^  the  latter 
being  most  apparent  in  the  neighborhood  of  jointso    The  humeral  and  femor- 
al heads  are  irregular  and  flattened,  and  the  glenoid  fossae  and  acetabula 
unduly  shallow,,    Irregular  epiphyseal  ossification  is  a  constant  feature, 
osteosclerotic  and  rarefied  patches  often  being  seeno    Carpal  ossifica- 
tion is  retardedo 

Brain: 

Morbid  conditioni  simple,  convolutional  pattern^    Internal  hydrocephalus 
noted.    Cortical  nerve  cells  sparse,  and  degenerative  changes  in  the 
nerve  cells  seen  throughout  the  central  nervous  system. 

Dentition: 

Delayed o    Teeth  irregularly  spaced  and  wide  apart „ 
Corneal  opacities; 

Diffuse  dystrophy  of  cornea,  consisting  of  multiple  opacities  scattered 
throughout  the  cornea,  but  situated  principally  in  the  deeper  layers. 

Abdomen: 

Enlargement  of  liver  and  spleen,  or  of  one  organ  alone  described  in  a 
majority  of  cases. 

Mentality: 

Mentally  defective  -  actual  regression  may  occuTo 

Biochemical  tests: 

lo    High  blood-glycogen 

2o    Creatinine  and  cretaine  excretion  normal 

3o    Serxim  calcium,  blood  phosphorus,  and  phosphatides  not  abnormal 
lie    Response  to  thyroid  therapy  is  temporary  and  minimal 

Other  tissue; 

lo    Widespread  lipoid  infiltration  of  liver,  anterior  pituitary,  and 

lymph  glands  noted  in  some  cases 
2o    Thyroid  has  the  structure  of  hypothjrroidism 
3o    Rhinitis  occurs  in  a  majority  of  the  cases 
U,    Deafness  and  hypertrichosis  common 


The  usual  forms  of  gargoylism  are  apparently  inherited  as  a  simple  reces- 
sive (116)5  although  a  group  with  typical  sjrmptoms  of  gargoylism^  except 
that  coraeal  opacity  was  lackingj,  appeared  to  be  inherited  as  a  sex-linked 
recessive  (l59). 

Other  types  of  dwarfism; 

Dwarfs  who  remain  sexually  infantile  probably  have  a  pituitary  defect 
involving  not  only  the  growth  hormone  but  gonadotropic  and  other  hormones » 
These  patients  may  be  of  normal  size  at  birth  and  grow  normally  during 
the  first  few  years  of  life.    After  this^  growth  may  become  very  slow  but 
rarely  ceases.    There  is  usually  considerable  delay  in  epiphyseal  develop- 
ment which  may  not  be  as  marked  as  in  hypothyroidism^  but  epiphyseal  dys- 
plasia does  not  occur.    The  skeletal  proportions  and  the  features  do  not 
remain  as  infantile  as  in  hypothyroidism  and  there  are  not  the  sluggish- 
ness^ circulatoiy  impairment^  and  other  signs  characteristic  of  hypothy- 
roidism.   Some  pituitary  dwarfs  are  subject  to  hypoglycemic  attacks  which 
are  probably  due  to  deficiency  of  adrenocorticotropic  hormone  (214.2). 

It  is  exceedingly  difficult  to  prove  the  pituitary  origin  of  dwarfism 
during  childhood, 

la    Pituitary  dwarfism  with  detectable  lesion  of  pituitary  gland  (175). 

A.  .    Lesion  can  be  recognized  clinically  by  roentgenograms 

B,  Clinical  characteristics: 

Arrested  growth,  dwarfism,  with  persistence  of  infantile 
body  proportions  as  of  the  age  when  growth  was  arrested 

C  o    Hyp  ogenitalism 

D .  Growth: 

Growth  arrested  at  time  of  destruction  of  pars  distalis— 
further  growth  does  not  occur  or  is  minimal,  body  propor- 
tions remaining  at  the  stage  corresponding  to  the  age  at 
time  of  arrestj  no  mental  retardation  as  in  hypothyroidism 

II.    Pituitary  dwarfism  with  no  evidence  of  lesions  of  the  pituitary 
Minimal  requirements: 

Ae  Infantile  proportions 

B.  Retarded  epiphyseal  development 

Co  Hypogenitalism 

D.  Absence  of  mental  retardation  or  other  signs  of  cretinism 

Hereditary  dwarfs  are  generally  recognized  as  belonging  to  two  distinct 
types  (7ii): 

1«    Achondroplastic  (chondrostrophic)  and 
2  o  Ateliotic 

The  former  have  a  trunk  of  normal  length,  short  legs,  and  large  joints, 
their  defect  being  in  the  cartilage  formation  at  the  epiphyses.  The 
latter  are  miniatures  of  normal  proportions  due  to  growth  practically 
ceasing  at  an  early  age  in  childhood, 

Achondroplastic  dwarfism  (in  humans)  appears  to  be  generally,  if  not 
always,  a  simple  dominant  in  inheritance.    Ateliosis  is,  at  least  in  most 
cases,  a  simple  recessive. 
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In  ateliotic  dwarfism,  the  infant  is  of  normal  size  at  birth,  but  growth 
is  very  slow,  and  is  usually  suspended  early,  although  it  may  not  be  com- 
plete until  thirty  years  of  age.    The  face  is  flat,  the  features  babyish, 
the  hands  and  feet  smallo    The  height  seldom  exceeds  iiO-U^  inches.  They 
may  also  be  achondroplastic»    There  is  often  ciyptorchidism,  delayed  den- 
tition, and  irregular  teeth,,    These  little  people,  although  normally  pro- 
portional, are  too  frail  and  too  frequently  sterile  to  form  a  race  under 
any  circumstances,  but  they  sometimes  live  to  extreme  old  age.  Although 
they  are  frequently  of  normal  or  acute  intelligence,  and  sometimes  highly 
accomplished,  they  may  also  be  of  dull  or  defective  intellecto     The  defi- 
ciency is  of  a  hormone  of  the  anterior  pituitary,  produced  by  the 
acidophile  cells  (101) « 

Deficiency  of  the  anterior  lobe  of  the  pituitary  gland  in  early  childhood 
can  manifest  itself  in  the  following  dentofacial  conditions  (193) s 

lo    Lack  or  delay  in  development  and  growth  with  marked  retardation 
in  the  cranium  and  face 

2o  Delay  in  eruptionj  prolonged  retention,  and  partial  ankylosis 
of  deciduous  teeth  with  retardation  of  formation  and  eruption 
of  pemanent  teeth 

3o    Persistence  of  juvenile  dental  characteristics 

l|.o    Tendency  toward  development  of  deep  overbite 

$o     Crowding  of  teeth-==in  some  cases  teeth  are  small  and  crowding  is 
not  present 

Complete  physical  descriptions  were  made  of  53  adult  male  and  31  adult 
female  midgets  (57)  <>    As  a  result  of  this  study,  the  individuals  were 
divided  into  three  morphological  groups? 

lo    Fetal- like  midgets 
2o    True  midgets 
3o  Minitatures 

Certain  characteristics  of  the  face  and  head  appear  to  be  almost  univer- 
sal among  midgets  § 

lo  Thin  lips 

2»  Fine  hair  texture 

3o  Scanty  eyebrows 

ho  Bulging  temporal  regions 

5o  Large  ear  lobes 

"Primordial  dwarfism"  has  been  described  as  characterized  by  no  retarda- 
tion of  developmental  processes  or  other  manifestations  of  endocrine 
deficiency  (2U2)o    The  patient  is  usually  small  at  birth  and  growth  is 
slow  from  infancyo    Epiphyseal  development  and  sexual  maturation  take 
place  normally  at  about  the  usual  time  and  the  features  mature  during 
adolescence  0    The  child  develops  into  a  miniature  adult o 

A  syndrome,  characterized  by  primary  ovarian  insufficiency  and  decreased 
stature,  has  been  reported  (2)o    They  are  differentiated  from  pituitary 
dwarfs  by  the  following  criteria: 
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lo  Individuals  short  rather  than  dwarf 

2o  Bone  ages  only  slightly  retarded 

3o  Estrin  therapy  leads  to  improvement 

llo  Patients  strong  and  well  nourished 

DWARF  DESCRIPTIONS  °  SMALL  ANIMALS 

A  recessive  type  of  dwarfism  has  been  studied  in  a  stock  of  black  silver 
mice  (210),    The  dwarf  mice  attained  about  one=fourth  of  the  weight  of 
their  normal  sibs„    Up  to  the  fourteenth  day  of  age  their  growth  rates 
were  normal«    At  twelve  or  thirteen  days  of  age^,  their  tails  and  noses 
were  noticeably  shortened^    They  were  sraall^  sub-normal  in  vigor^  and 
both  males  and  females  were  sterile <,    A  study  of  the  endocrine  glands  of 
these  dwarf  mice  showed  that  the  ti^roids  were  extremely  reduced  in  size 
(208) e    The  glandular  tissue  was  separated  by  adipose  and  connective 
tissues o    Some  of  the  thyroid  tissue  was  not  organized  into  follicles  and 
contained  little  or  no  cclloido    The  adrenal  cortex  was  reduced  in  thick-- 
ness  and  the  characteristic  zonation  absent  or  indistinct,     The  gonads^ 
although  delayed  in  development c,  did  not  show  profound  aplasia «    The  anter"= 
ior  pituitaiy  was  markedly  abnormal|  no  eosinophiles  were  present.,  Daily 
implants  of  fresh  rat  anterior  lobe  into  the  dwarfs  resulted  in  positive 
improvement  in  all  cases.    In  appearance,  the  treated  dwarfs  could  not  be 
distinguished  from  normal  miceo    They  attained  sexual  maturityi  their 
adrenals^  testes^  and  thyroids  appeared  normals    The  anterior  lobe  of  the 
pituitary  remained  the  same  as  the  untreated  dwarf So 

It  was  also  shovm  that  this  hereditary  dwarf  mouse  and  hypophyse eternized 
rats  manifested  similar  conditions  (209  )<>    In  almost  all  characters  the 
two  types  are  similar^  howeverj  one  outstanding  difference  between  the 
hereditary  dwarfs  and  the  hypophysectomized  rats  was  the  degree  of  develop<= 
ment  of  their  reproductive  systems.    In  hereditary  dwarfs  the  testes  and 
the  motility  of  the  sperm  were  not  greatly  different  from  normal o  In 
hj^'pophysectoraized  rats  the  testes  became  f  labby^  the  sperm  did  not  develop 
and  the  seminal  vesicles  and  other  glands  became  greatly  reduced  in  sizeo 
The  ovaries  of  hypophysectomized  rats  were  smaller  in  size  than  those  of 
hereditaiy  dwarfs =    The  uteri  of  dwarfs  were  infantile^  whereas  the  uteri 
cf  hypophysectomized  rats  were  thread-'like o    This  suggested  that  the 
pituitary  growth  homone  of  the  hereditary  dwarf  was  suppressed  without 
a  corresponding  suppression  of  the  gonad-stimulating  hormone. 

A  careful  study  of  the  eosinophile  cells  present  in  the  anterior  pituitary 
of  this  strain  of  mice  indicates  that  the  dwarf  has  none  and  that  in  the 
heterozygote  they  may  be  intermediate  in  number  between  dwarf  and  normal 
genotypes  (51) « 

A  detailed  description  of  some  of  the  metabolic  features  of  the  anterior 
pituitary  dwarf  mouse  indicates  that  in  many  respects  it  is  very  similar 
to  a  cretin-type  dwarf  (l65)o    The  reduced  growth  in  the  dwarf  is  first 
apparent  in  the  second  week.    The  dwarfs  remain  small  and  their  weight 
hardly  exceeds  one-third  that  of  their  normal  brothers  and  sisters o  The 
shape  of  the  head  is  broader  than  is  normal »    The  nose  is  short  and  blunt ^ 
the  ears  small  and  ro'ondedo    The  posture  differs  from  the  normal^  the 
dwarfs  being  more  crouching^  short ^  and  almost  spherical  in  appearance^ 
in  contrast  to  normal  mice  which  are  rather  long  and  slirao    The  gait  is 
slow  and  stiltedo    The  coat  is  not  smooth^  thick  and  glossy  as  in  normal 
raice^  but  more  raggedy  thinner  and  almost  dullo    Metabolism  is  considerably 
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reduced^,  being  only  60  percent  oT  the  normal „    The  mice  eat  well  and  are 
able^  when  they  are  about  a  month  olid^  to  manage  without  their  mothers 
provided  the  temperature  is  suitable.    They  are  sensitive  to  cold  and 
succumb  easily  if  the  temperature  in  the  cage  drops  below  20  to  22 
degrees  centigrade e 

The  dwarf S5  moreoverj  are  sterile o    Their  sexual  organs  are  not  absolutely 
infantile  but  the  testes  and  ovaries  attain  only  a  certain  slight  degree 
of  development.,    Castration  produced  distinct  changes  in  the  secondary 
sexual  character isticso    The  anterior  lobe  of  pituitary  body  is  hypoplas-^ 
tic  with  complete  or  almost  corrplete  lack  of  eosinophile  cells »  The 
thymus  is  comparatively  smallj  the  thyroid  gland  presented  distinct  and^ 
in  part,,  very  widespread  fatty  degeneration  of  the  epithelium^  no  typical 
differentiation  of  the  cell  strings  was  found  in  the  parathyroid  gland^ 
the  cells  being  small  with  a  slight  amount  of  protoplasmi  the  testes  and 
o'varies  were  only  slightly  developed^  the  medullary  part  of  the  suprarenal 
gland  was  normal  while  the  cortex  was  somewhat  smallj  zona  f  asciculata 
was  especially  small.,  and  zona  reticularis  especially  defective  in  develop^ 
mento    The  pancreas  seemed  normal  in  young  dwarfs  but  was  found  to  be  pro= 
nouncedly  atrophied  in  the  older  animals. 

The  liveisof  dwarf  mice  contained  very  abundant  quantities  of  glycogen^ 
more  than  that  of  normal  animals|  the  fat  content^  on  the  other  hand^  was 
scanty  in  the  dwarfs  while  normal  mice  had  very  abimdant  quantities  of 
fat  in  the  livers o    If  the  animals  were  starved^  it  was  found  that  the 
glycogen  in  the  normal,  mice  was  rapidly  and  almost  entirely  mobilissedj 
contrary  to  the  fat  which  diminished  only  slightly.    The  dwarfs  seemed 
to  be  able  to  mobilize  easily  the  little  fat  they  were  capable  of  deposit^ 
In^  but  they  were  not  able  to  mobilize  the  glycogen  deposits  in  the  normal 
wafa    The  dwarf  mice  were  more  sensitive  to  insulin  than  the  normal  ones  (165), 

A  different  type  of  dwarfism  in  mice^  called  "pigmy''^  has  also  been 
described  (120),    These  mice  are  smaller  than  normal  at  birth.,  but  some 
do  overlap  with  normals.    Growth  is  similar  to  normals  but  at  a  very 
reduced  rate.    The  condition  can  be  recognized  at  twelve  days  of  age.  In 
appearance^  the  adult  has  short  ears  and  feet,  but  the  tail  is  long*  The 
coat  appears  well  groomed.,  and  in  general  the  mouse  has  the  appearance  of 
a  sleek,,  streamlined.  an:iinalo    They  are  as  active  as  nomal  animals  but 
both  sexes  are  sterile.    The  condition  is  due  to  a  simple  recessive  gene. 

Recently^  a  new  dwarf  mutation  in  the  house  mouse  designated  "agitans" 
has  been  described  (102),    Mutants  can  be  recognized  from  ten  days  onward. 
They  have  progressive  arrest  of  growth^  restlessness..,  generalized  tremor^, 
and  ataxia.    Some  mutants  are  underweight  from  birth.    Growth  arrest  and 
other  symptoms  are  of  variable  intensity.    Some  animals  are  much  more 
affected  than  others  and  these  usually  become  cachexic  and  die  when  they 
are  20  to  30  days  old.    Their  weight  is  one-half  or  less  than  that  of 
normal  sibs.    Those  that  live  beyond  this  critical  period  are  subject  to 
diseases  such  as  digestive  troubles  or  parasitic  trouble s^  which  appar- 
ently do  not  affect  their  normal  sibs. 

Ataxia  and  restlessness  become  manifest  when  the  mutants  begin  to  walk. 
They  walk  hurriedly  with  a  stif  f=legged^o  "insect-like'%  pace,  and  very 
often  they  fall  over  on  their  sides  or  hind  legs.    After  one  month^  their 
gait  changes  and  they  walk  with  a  "duck-like"  waddle.,  the  legs  being  held 
wider  apart  than  in  normal  mice. 
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Tremor,  the  most  prominent  symptomj  is  apparent  at  ten  dajSo    A  fine 
trembling  of  the  whole  body-^^it  may  disappear  during  rest—becomes  more 
marked  as  the  mutants  grow  older o    The  condition  is  due  to  a  simple  reces 
sive  gene„    The  main  pathological  finding  is  an  atrophy  of  the  Piirkinje 
cells  in  some  regions  of  the  cerebellumo 

A  study  of  the  effectiveness  of  selection  for  body  weight  in  mice  has 
shown  that  the  frequency  of  a  dwarf  gene  can  be  greatly  modified  in  a  rel 
atively  short  time  (13ii>  236) o    The  investigators  selected  within  groups 
for  smallj  raediim^  and  large  body  sizeo    No  dwarfs  were  bom  in  the  foun- 
dation stock  and^in  the  first  generation  of  selection  for  small  body  size 
one  dwarf  was  produced „    No  dwarfs  were  ever  produced  in  the  medium  or 
large  size  groups o 

In  the  small  size  group,  three  of  the  four  inbred  lines  produced  dwarfso 
The  frequency  of  dwarfs  increased  to  the  third  generation  and  thereafter 
tended  to  remain  at  a  high  level „    In  the  third  to  the  fifth  generations, 
l5o5  percent  of  the  mice  raised  were  dwarfs.    It  seems  probable  that  the 
original  stocks  carried  the  dwarf  gene  in  low  frequency  and  that  it  had 
some  effect  in  the  heterozygous  condition „    Selection  for  smaLl  size 
increased  its  frequency «    It  appeared  that  the  heterozygous  individuals 
were  enough  smaller  on  the  average  than  homozygous  normals  to  have 
approximately  twice  the  chance  of  being  selected  for  breeding  purposes 
and  producing  off spring „ 

It  has  also  been  shown  that  races  of  mice  selected  for  body  size  alone 
differ  strikingly  and  significantly  for  other  traits  as  well  (1111)0  The 
large  race  had  a  different  color,  was  more  docile  and  inactive 5  had  com= 
paratively  shorter  ears,  f  eet^  and  tail^  and  produced  many  more  yo">jng 
per  littero    The  fact  that  the  brown  animals  were  larger  was  believed  to 
be  due  to  the  action  of  the  genes  for  size  causing  brown  color  rather 
than  a  linkage  (35) o 

Hydrocephalus  has  been  studied  in  mice  (37) o    Young  mice  may  show  a 
swelling  of  the  head  at  birth  but  the  character  does  not  become  notice- 
able until  a  week  or  two  later,,    A  bombose  skull  was  caused  by  the  pres= 
sure  of  the  clear  liquid  which  collected  above  the  brain  and  distended 
the  roof  of  the  skull  outwardo    The  brain  itself  tended  to  be  pushed 
downward  and  forwardo    It  is  due  to  a  recessive  gene,  lethal  in  homozy^ 
go  us  forme,  and  may  be  linked  with  "flexed  tailc" 

Another  type  of  hydrocephalus  has  been  described  in  which  the  mice  are 
also  dwarfs  {2k9) o    The  affected  animals  breathed  more  rapidly  and 
showed  sterility  as  well  as  a  high  infant  death  ratec     Only  one=fifth 
of  the  affected  animals  survived  to  an  age  of  six  weeks.    The  hydrocephal 
condition  apparently  begins  in  embryos  at  11  or  12  days  (21).  Infiltra- 
tion of  excess  cerebrospinal  fluid  takes  place  into  the  connective 
tissue  surrounding  the  medullary  tiiDe„     The  fluid  finally  escapes  into 
the  brain  cavity  through  the  choroid  plexus. 

Three  tjrpes  of  hydrocephalus  in  the  mouse  are  characterized  by  a  dome- 
shaped  skull  (62).    The  types  are  variable  in  growth  retardation,  but 
all  have  a  high  mortality.    There  is  no  apparent  prenatal  mortality  but 
an  excess  of  females  are  affected.    After  120  days  of  age^  normal  mice 
from  hydrocephalic  litters  were  larger  than  normal  mice  from  completely 
normal  litters. 


A  maternal  effect  has  also  been  postulated  to  account  for  some  abnormal 
conditions  in  the  house  mouse  (192)=    A  consistent  and  significant  differ- 
ence in  the  in  vitro  rate  of  incorporation  of  methionine  into  liver  pro- 
tein of  two  inbred  rat  strains  has  been  demonstrated^,    The  factors  which 
control  the  differences  in  enzymatic  activity  act  through  both  the  indi- 
vidual and  maternal  genotype So    The  inbred  F  milk  influence  is  able  to 
increase  J  liver  activity  to  the  F  level^  while  the  J  milk  exerts  no 
apparent  effect  on  the  F  of f springo 

Reciprocal  hybrids  between  two  strains  of  mice  were  found  to  differ  with 
respect  to  the  incidence  of  mice  with  five  or  with  more  than  five  lumbar 
vertebrae o  The  hybrids  tend  to  resemble  the  strain  of  the  female  parent 
(8i|)o  One  explanation  is  that  the  cytoplasm  of  the  ova  produced  by 
mothers  of  the  two  strains  is  different  o  The  alternative  explanation  is 
that  the  biological  envirorjnents  furnished  by  mothers  of  the  two  strains 
to  the  developing  embryos  are  different. 

A  dwarf  mutation  in  the  rat  has  been  studied  (122) o    The  young  appear  nor- 
mal at  birth,  but  on  the  twelfth  day  differences  appear.    The  dwarfs  have 
hair  that  is  softer^  f iner^  and  thinner  than  normalo    The  body  proportions 
are  comparable  to  the  normalc,  only  greatly  reduced  in  size»    They  are 
weaker J  less  thrifty^  and  shorter  lived  than  normal^  and  have  a  distinct 
opacity  of  the  eye  apparently  involving  the  lenso    The  investigators  con- 
sider the  condition  is  not  due  to  the  pituitary, 

A  goiter  survey  in  albino  rats  shows  females  more  subject  than  males 
(151)0    Th,e  incidence  for  males  is  hoS  percent^  for  females  7o8  percent. 
There  is  a  higher  incidence  during  the  warmer  months c    It  is  most  frequent 
at  the  age  of  sexual  maturity, 

A  dwarf  mutation  in  the  rabbit  has  been  studied  in  considerable  detail  (85? 
86)0    The  character  is  due  to  a  simple  recessive  gene  and  is  invariably 
letMl  in  homozygous  f onrio    The  dwarfs  are  one -third  the  size  of  normal 
litter  mates.    The  posterior  calvariura  is  rounded  and  borabose^  but  its 
slope  breaks  abruptly  in  the  supraorbital  region^  giving  the  snout  a  char- 
acteristic dished-out  appearance.    The  ears  are  small  and  appear  to  sit 
abnormally  far  back  on  the  head.    The  frontal  and  parietal  bones  are  cal= 
cified  ©nly  at  their  inferior  borders,,    Throughout  the  remainder  of  their 
extent  they  are  represented  solely  lyj  membrane, 

A  detailed  study  was  made  of  the  transmitters.  If  birth  weight  of  largest 
litter  mate  equals  100  percent,,  dwarfs  weighed  35-=ii5  percent^  transmitters 
75  percent 5  and  normal  sibs  9h  percent o 

The  great  majority  of  transmitters  present  no  consistent  external  plTysical 
alteration  other  than  that  of  size^  but  some  abnormalities  have  occurred 
among  known  transmitters s 

lo    Cataracts  of  the  lens  and  structural  variations  of  the  iris 
appear  frequently 

2e  Kyphosis 

3o    Internal  bowing  of  forelegs 

he    Variation  in  the  calvaria  consisting  of  symmetrically  placed 
defects  in  the  frontal  lobes 


.28-- 


The  authors  believe  these  are  probably  independent  variations  and  not 
directly  associated  with  the  dwarfism  transmitters. 

It  was  noted  that  the  majority  of  female  transmitters  became  overfat 
at  maturity  and  unless  they  were  bred  at  frequent  intervals  the  fat  in 
normal  regions  accumulated  to  an  abnormal  extents    Large  deposits  of 
fat  were  also  found  in  abnormal  depots j  particularly  in  the  anterior 
triangle  of  the  neck  and  about  the  shoulder  girdle. 

Fertility  of  both  males  and  females  is  high,  but  litter  size  is  generally 
smaller  than  normal. 

A  disturbance  of  calcium  metabolism  occurs  in  older  animals.    The  bones 
of  the  calvarium,  especially  the  parietal  bones,  are  roughened  and  at 
autopsy  are  found  covered  with  deep  erosions.    The  incisor  teeth  are 
pitted  and  frequently  are  ground  down  to  the  gum  margin. 

Females  are  particularly  susceptible  to  toxemia  of  pregnancy  in  their 
third  or  fourth  gestation.    Older  females  almost  always  show  adenomata 
or  adenocarcinomata  of  the  uterine  fundus.    The  hypophysis  shows  pro- 
nounced increase  in  size  and  number  of  acidophiles.    The  increase  was 
generalized  throughout  the  anterior  lobe. 

Two  separate  types  of  recessive  achondroplasia  have  been  described  in 
the  rabbit  (28,  h.3)  •>  In  the  first  type  (28)  the  affected  animals  die 
at  birth  or  within  a  few  hours  after  birth.  There  was  nothing  in  the 
normal  sibs  in  growth  or  maturity  to  suggest  the  condition.  Transmit- 
ters could  be  identified  only  by  a  breeding  test.  There  was  compara- 
tively little  variation  in  the  general  appearance  of  the  achondroplastic 


individuals  i 

1, 

Reduced  size 

2. 

Broad,  squarish  head  with  prominent  calvarium 

3o 

Transverse  depression  across  the  base  of  the  nose 

Small  teeth 

Flat  muzzle 

6, 

Comparatively  short  and  flaring  thorax 

7. 

Conspicuously  large,  relaxed  abdomen 

8. 

Short,  broad^  fleshy  tail 

9o 

Marked  redundancy  of  the  skin 

10  o 

Large,  fleshy,  protruding  tongue 

11, 

Occasional  folding  ears 

12, 

Occasional  cleft  palate 

In    second  type  of  recessive  achondroplasia  in  the  rabbit,  the  adult 
animals  are  characterized  by  normal  body  size  but  they  have  short, 
often  crippled  legs  (U3),    Externally,  the  new  mutation  is  first  recog- 
nizable by  a  small,  cartilaginous  papilla  arising  at  the  base  of  the 
external  auditory  meatus , 

Examination  of  the  skulls  of  these  animals  shows  the  osseous  part  of 
the  external  auditory  meatus  to  project  downward  and  outward  instead 
of  upward  and  backward.     This  is  due  in  part  to  the  fact  that  the 
entire  dorsal  portion  of  the  skull  bends  down  at  a  more  acute  angle 
than  in  normal  animals.    The  bend  is  such  that  the  foramen  magnum 
faces  downward,  more  as  in  the  human  skull.    At  the  same  time,  the 
mastoid  processes  and  neighboring  structures  are  compressed  and  twisted, 
resulting  in  differences  in  angularity  of  the  ears. 
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TABLE  8. —Organ  Weights  (85). 
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A  dominant  type  of  achondroplasia  in  rabbits  has  also  been  described  (3i|). 
The  heterozygous  rabbits  were  of  reduced  body  size«    Their  birth  weights 
were  about  two^thirds  that  of  normal  rabbits^  and  they  remained  dwarf 
throi:ighout  their  lives o    They  lived  and  reproduced^  but  mating  of  hetero- 
zygotes  produced  one  normal  homozygote  in  every  four  offspring.  The 
homozygous  dwarfs  died  after  birth o    They  were  lighter  in  weight  than  the 
normal  rabbits  and  had  an  extremely  short  upper  jaw.    Because  of  this^ 
they  often  died  of  starvation.    It  was  suggested  that  the  defect  is  due 
to  reduced  activity  of  the  pituitary  glando 

A  recessive  type  of  dwarfism  in  guinea  pigs  has  been  reported  as  the  first 
case  of  hereditary  dwarfism  in  rodents  (212) «    Most  of  the  dwarf  guinea 
pigs  died  very  early  and  the  few  that  lived  were  sterile.    They  did  not 
attain  more  than  half  the  size  of  the  normal  guinea  pigSo    The  shape  of 
their  skulls  and  skeletons  was  also  altered o    They  were  characteristi- 
cally short  of  body  and  legs. 

Three  inbred  families  of  guinea  pigs  that  show  differences  in  live  weight 
amounting  to  over  100  gm^  have  leg  bones  nearly  equal  in  dimensions  (6I) o 

A  very  complete  study  has  been  made  of  various  types  of  dogs  and  their 
hybrids  (220^  221^  222) o    The  achondroplastic  dwarf s^  such  as  dwarf  bull- 
dogs and  other  dwarf  breeds^  have  a  larger  thyroid  per  weight  of  dog  than 
such  normal  breeds  as  the  foxhound,  while  the  giant  breeds  have  a  rela- 
tively small  thyroid.    In  crosses  between  giants  and  dwarf the  F  is 
intermediate  in  thyroid  size^  while  the       segregates  into  types  with 
large,  intemediate^  and  small  thyroid.    In  crosses  between  the  dachshund 
and  Boston  bull  terrier^  both  with  large  thyroid^  the  F^  tigroid  is  still 
larger  and  segregation  occurs  in  F20    There  are  also  differences  in  histo- 
logical structure „ 

In  general,  the  amount  of  thyroid  gland  per  kilo  of  body  weight  is  greater 
in  dwarfed  breeds  than  in  the  normal  foxhound  type.    All  the  oversized  or 
giant  dogs  have  a  smaller  amount  of  thyroid  gland  per  kilo  of  body  weight 
than  do  dogs  of  usual  sizeo 

The  basset  hound  and  the  dachshund  both  have  very  short  legs^  typically 
achondroplastic,  the  head,  body,  and  tail  developing  normallyj  but  the 


dachshund  has  a  dwarf  body  while  the  basset  has  note    In  crosses  between 
the  basset  and  the  long-legged  types  such  as  the  saluki  or  the  German 
shepherd,  the  legs  of  the       are  nearly  as  short  as  the  basset,  the  F2 
shovring  a  1:2:1  segregation  for  a  single  factor «    In  the  Asiatic  Pekirgese 
and  other  breeds,   short  legs  are  also  dominant. 

Localized  achondroplasia  of  the  head  of  the  bulldog  appears  to  result 
from  a  combination  of  several  recessive  elements,  as  shown  by  crosses 
with  the  dachshund o     In  the  F2  such  disbarmonic  types  as  a  long  upper  • 
and  short  lower  jaw  may  appear.    Ft  between  normal  head  and  bulldog  is 


intermediate  but  closer  to  normal  i^ype.  The  face  is  shortened  and  the 
region  of  the  nose  is  decidedly  depressed.  The  zygomatic  arch  is  more 
strongly  curved  than  is  usual  in  the  long  skull  and  the  lower  incisors 
project  beyond  the  upper^  giving  a  slight  degree  of  undershot  jaw.  In 
basset-bulldog  crosses,  the  head  and  tail  skeleton  are  distorted  as  in 
the  bulldog  and  leg  skeleton  as  in  the  basset o  The  factors  for  local 
achondroplasia  are  independently  inherited. 

As  a  result  of  man's  deliberate  preservation  of  practically  every  newly 
merged  mutation  of  dogs,  excluding  those  that  are  impossible  for  him  to 
maintain  because  of  the  animal's  poor  chance  of  survival,  the  dog  has 
become  the  most  varied  domestic  species  of  animal  on  the  earth. 

There  are  numerous  cases  of  dwarfism  in  dogs,  but  little  work  has  been 
done  on  the  inheritance  of  this  trait  in  this  species.    The  ateliotic 
dwarfs,  or  midgets,  and  the  achondroplastic  dwarfs  are  common  in  dogs. 
Some  dogs  exhibit  typical  complete  dwarfisrai  others  have  normal  trunk 
with  achondroplastic  legs?  still  others  have  normal  legs  but  achondro- 
plastic heads  and  abnormally  abbreviated  caudal  skeletons. 

The  important  examples  of  achondroplastic  dwarf  breeds  are: 

a,    Asiatic  Pekingese 
bo    French  bulldog 
Co    Boston  terrier 

d,  B3,sset  hound  bulldog 

e ,  Dachshund 

An  achondroplastic  condition  designated  as  "creeper"  has  been  described 
in  the  domestic  fowl  (i4.It).    These  fowl  were  called  Dumpfries  or  Creepers 
in  the  Old  World,  and  Creeper  or  Brevicrews  in  America  because  of  their 
unusually  short  legs.     Their  legs  and  wings  are  abnormally  short  bat  they 
are  rather  normal  in  other  respects.     They  have  the  appearance  of  sitting 
even  though  they  are  standing.    They  are  of  various  colors— barred,  blue, 
black,  buff,  white  or  frizzled. 

All  of  the  long  bones  of  the  mngs  and  legs  are  abnormally  short.  The 
tibia  of  the  leg  is  short,  bent  and  not  fully  developed,  but  the  fibula 
is  overdeveloped.     In  this  respect,  creepers  differ  from  all  known  breeds 
of  fowl.    In  modem  birds  and  in  fossil  forms,  the  tibia  is  the  main  sup- 
port of  this  part  of  the  leg  with  only  a  small  splint  to  represent  the 
fibula.    Because  of  the  abnormalities  of  the  legs,  creepers,  when  trying 
to  walk,  make  a  "lizard-like"  movement  with  both  legs  and  vjings  which  is 
"strongly  atavistic  in  character," 

Genetic  studies  of  the  creeper  fowl  have  been  reported  (56),    A  mortality 
rate  of  U5o5  percent  of  the  embryos  from  creeper  inter  se  mating s  during 
one  to  six:  days  of  incubation  was  found  whereas  it  was  only  lr»2  percent 
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from  the  matings  of  creepers  with  nomal  fowlo    The  mortality  rate  at 
other  periods  during  incubation  was  about  the  same  for  both  types  of  mat^" 
ings  as  shown  in  Table  9o    The  large  difference  in  percentage  of  eggs 
hatched  between  creeper  inter  se  matings  (27o3  percent )c,  and  the  mating 
of  creeper  with  normal  birds  (66o2  percent)^  under  the  same  environmen- 
tal conditions^  was  due  largely  to  the  death  of  homozygous  creeper 
embryos  at  an  early  stage  of  development o    Therefore^  all  creeper  chicks 
which  hatched  were  heterozygous  for  the  creeper  condition o 

Subsequent  investigation  substantiated  these  earlier  views  (12k) o  The 
results  also  indicate  that  the  heterozygous  creeper  condition  is  less 
viable  than  the  homozygous  normal  genotype o    The  study  of  the  creeper 
embryos  at  the  time  of  death  showed g 

lo    Creepers  have  shorter  heads  (do  not  overlap  with  normal) » 

2c    Posterior  body  length  of  creeper  fowl  is  also  shorter  but  not 
as  definite  as  head  length, 

3o    Organ  formation  is  more  nearly  normal  in  creeper  embryos  than 
is  growth o 

1^.0    Lethal  action  appears  to  be  brought  about  by  cessation  of  gr^thj 
not  by  some  gross  malformation o 

A  recessive  type  of  dwarfism  has  been  described  in  Rhode  Island  Red 
pullets  ( 123)0    The  retarded  growth  of  the  dwarfs  was  recognizable  at 
two  to  four  weeks  of  ageo    The  outer  toes  were  usually  curved  outward 
and  backwardo    The  legs  were  shorts    They  had  bulging  eyes.  dispropor= 
tionate  growth  of  the  skull^  ''parrot-beak'%  swollen  tongue^  dry  skin^ 
and  short  tarsometatarsuSo    The  sacrum  was  small  and  high  so  that  the 
tail  appeared  to  be  abnormally  high  on  the  body^    They  had  fewer  marrow 
cells  in  the  long  bones  and  the  thyroid  glands  were  enlarged.    None  of 
them  was  sexually  mature „    Because  of  its  resemblance  to  thyrogenous 
dwarfism,  in  humansc,  the  condition  was  nam.ed  "myxedema  infantilis"  o 

This  same  condition  has  also  appeared  in  other  flocks  and  haa  beep, 
studied  by  other  investigators  {lh9s>  ^'3hs,  235 )o    The  dwarf  bi-rds  could 
be  id.ent:if  ied  at  about  two  weeks  of  age  because  of  their  short'=-iegged" 
nessj  curved  toeSc,  and  "parrot  beaks''  o    They  were  not  distinguishable 
at  hatching  time^    They  did  not  live  as  long  as  normal,  birds,    Taej  were 
gi,ven  the  best  possible  feed  and  care^,  but  were  i?ery  susceptible  t© 
c®ldSs  bronchitis^  and  other  diseases^    Some  became  paralyzedo 

A  few  of  the  -^carriers"  sf  dwarfism  could,  be  identified  by  appearance 
prior  to  breeding  test  while  others  could  not  be  identified  without  the 
progeny  testo     The  egg  production  and  egg  weights  records  indicated 
that  the  **carrder"  birds  had  nomal  production  qualitieso     It  was  sug= 
gested  that  this  was  a  cretin  type  of  dwarf ism o 

A  recessive  chondrostrophy  in  Rhode  Island  Reds  is  reported  as  probably 
due  to  faulty  calcium  metabolism  (99) o    The  affected  birds  have  wide^ 
flat  heads  with  both  mandibles  greatly  shortenedo    The  long  bones  of  the 
upper  and  lower  limbs  are  shortened  and  thickened  in  the  humerus  and 
Tfllna^  with  extrsm©  thickening  in  the  tarsometatarsus.    They  have  greatly 
distended  abdomens  <, 
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TABLE  9.— Results  of  mating  creeper  fowl  inter  se  and  with 
normal  fowl  (56) . 


Fertile 
Eggs 

1-6  days 

Dead  Embryos 

•-7      TO  J  

7-13  days 

iil-^l  days 

Hatched 

Creeper  male  x 

Creeper  female 

33 

9 

Percentage 

100 

15.2 

12ol 

27.3 

Creeper  male  x 

U7 

Normale  female 

71 

3 

12 

9 

Percentage 

100 

Uo2 

16  o9 

12  o7 

66.2 

An  inherited  shortening  of  the  long  bones  in  the  turkey  has  been  described 
(5).     It  is  due  to  a  simple  autosomal  recessiveo    Hatchability  was  very 
much  reducedo    The  heterozygous  mature  hens  had  slightly  but  significantly 
shorter  tarsometatarsi  than  normal  hens  of  similar  weight » 

In  a  study  of  the  inheritance  of  thyroid  size  in  the  dovej  genetic  factors 
for  thyroid  size  have  been  demonstrated  (186),,  Body  weight  was  not  neces- 
sarily associated  with  thyroid  size. 


rWARF  DESCRIPTIONS  -  DOMESTIC  ANIMALS 

Dwarfs  in  cattle  have  been  recorded  since  i860  (203) »    Dwarf  types  have 
been  reported  from  many  breeds^  including  (a)  Aberdeen  Angus,  (b)  African 
Uganda  (Zebu),  (c)  Ayrshire,  (d)  Dexter,   (e)  Guernsey,  (f )  Hereford, 
(g)  Holstein-Friesian  (American,  British,  Swedish),  (h)  Jaroslav, 
(i)  Jersey,  (j)  Oplandske  (Norviay),  (k)  Shorthorn,  (1)  Swedish  Red  and 
White,  (m)  Spanish  (Puerto  Rico),  (n)  Telemark,  (o)  West  African  Shorthorn. 

The  "bulldog"  calves  of  the  Dexter  breed  in  Ireland  were  described  in 
detail  in  190lj.c    They  have  short,  round  heads,  depressed  nostrils,  bulging 
foreheads,  projected  mandibles,  flabby  tongues,  short  vertebral  columns, 
thick,  loose  skin,  inguinal  hernia,  and  short  legs^    They  are  about  half 
normal  size.    They  are  aborted  between  the  sixth  and  eighth  month  of  the 
intra-uterine  period,,    The  dam  has  an  accumulation  of  uterine  fluid  between 
the  fourth  and  fifth  month  of  gestation.    Breeding  tests  showed  that  the 
condition  is  inherited  as  a  single  autosomal  dominant  (110), 

The  Dexter  cattle  are  heterozygous.    Inter  se  mating  of  Dexters  results  in 
segregations  in  the  ratio  of  1:2 ;1  (25  percent  of  the  offspring  being  homo- 
zygous normal  Kerry  type,  50  percent  heterozygous  Dexters,  and  25  percent 
homozygous  Dexter  monsters).    No  bulldog  calf  was  produced  from  the  mating 
of  Dexters  with  Kerry  cattle. 

"Duck-legged"  cattle,  which  appear  to  be  similar  in  appearance  to  the 
Dexter  breed,  have  been  reported  in  the  United  States  (139).    No  dwarf  or 
"bulldog"  ".alves  were  found  among  the  progeny  of  the  "duck-legs".  Some 
of  the  "dick-leg"  cattle  were  confused  with  short-legged  cattle  of  conven- 
tional breeding.    The  pituitaries  of  the  "duck-legs"  were  unusually  small. 
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The  trait  was  due  to  a  single  dominant  gene,  although  dominance  is  some- 
times incomplete. 

Hereford  breeders  developed  a  small-type  cattle  which  were  placing  high 
in  the  show  rings  (2h6) o    They  were  short-legged  and  early  maturing. 
These  cattle  were  generally  less  extreme  than  the  Dexter  type^  but  were 
smaller  at  maturity  than  conventional  Herefords, 

"Compact"  Shorthorns  were  described  that  resembled  the  small-type  Here- 
fords  (223)0    They  could  be  identified  at  birth  and  the  characteristics 
were  distinct  throughout  life^    They  appeared  shorter  of  headc,  neckj  body, 
and  legs  than  the  "standard"  type  of  Shorthorn  cattle o    They  appeared  to 
be  thicker  in  their  muscles «    Some  of  them  had  a  tendency  toward  hea^vy 
shoulders  and  crooked  legs. 

Although  they  weighed  less  at  maturityj  they  exhibited  a  good  beef  con- 
formation,,   They  were  favored  by  some  purebred  and  commercial  breeders^ 
and  they  were  popular  at  fat  steer  shox^s.     It  was  noted  that  since  1936 
the  "compact"  type  of  cattle  had  been  winning  the  major  prizes  in  fat 
steer  shows  and  in  carcass  contestso    From  field  data  available,  it  was 
concluded  that  the  "compact"  condition  in  Shorthorns  is  due  to  a  single 
dominant  gene^    An  investigation  was  made  of  the  nutrient  utilization  by 
Shorthorn  steers  of  "compact"  and  "conventional"  type  (237).    They  found 
that  (a)  the  "compact"  tjrpe  was  less  efficient  than  the  "standard"  type 
Shorthorns  in  the  utilization  of  dry  matter  during  growth,   (b)  the 
"compact"  type  required  70  days  less  time  on  feed  than  the  conventional 
type  to  reach  choice  grade^  (c)  all  carcasses  were  graded  choice,  and 
(d)  the  conventional  type  cuts  were  somewhat  fatter,  but  that  the  "compact" 
type  cuts  were  heavier  in  bone» 

Dominant  achondroplasia  has  also  been  reported  in  British  Friesians  (l5) 
and  in  Jerseys  (l^h). 

Recessive  dwarfism: 

A  recessive  type  of  achondroplasia  has  been  described  which  is  referred 
to  as  the  "Telemark*'  type  (110),    The  heterozygous  Telemark  cattle  appear 
nomal.    The  monsters  were  bom  alive  after  full  term  gestation  and  died 
within  a  few  days  from  asph^rxia  (l80)o    A  known  heterozygous  Telemark 
bull  was  mated  with  eight  Dexter  cox^rso    During  the  period,  1926  to  1931j 
2ii  calves  and  a  rawimy  were  produced  which  included  five  long-legged 
calves,  eleven  typical  Dexter  calves,  and  eight  x^hich  were  not  classi- 
f  ied^-'probably  long-legged^-^but  no  monster  was  produced.    Neither  the 
hypothesis  of  identical  genes  for  both  conditions  nor  the  hypothesis  of 
multiple  allelomorphs  could  be  supported  because  no  monsters  were  pro- 
duced in  the  above  cross  =    The  probable  explanation  was  that  these  tvjo 
lethals  were  quite  independent,  and  that  each  breed  carried  the  nomal 
factor  corresponding  to  the  lethal  of  the  other  breed, 

"BiJ-ldog"  calves  have  been  reported  in  the  African  Uganda  cattle  (32  )o 
The  Uganda  breed  of  cattle  is  supposed  to  have  originated  from  a  cross 
of  the  long-homed  Ankole  breed  and  Easter  Province  animals^  which  are 
typical  Zebus  of  small  size»    The  "bulldog"  condition  in  the  Uganda  breed 
was  not  uncommon,  but  they  were  never  recorded  by  the  natives  of  Uganda 
because  they  considered  this  condition  to  be  an  omen  to  the  herd  and  the 
owner.    People  refused  to  look  at  the  monsters.     If  a  woman  looked  at 
one,  it  was  believed  she  woul.d  produce  a  child  with  a  similar  condition  c 
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Three  achondroplas: c  calves  have  been  described  in  the  Jaroslav  breed  in 
Russia  (138)0    All    hree  dwarfs  resulted  from  the  mating  of  a  champion 
cow  "Zolataja"  to  her  son^  grandson,  and  half-brother,  respectively„  The 
dwarfs  had  deformed  lower  jaws  and  shortened  legs.    One  of  these  dwarfs 
could  not  eat  grass  and  hay,  but  the  other  two,  although  they  had  short- 
ened lower  jawsj  could  eat  normally.    They  did  not  live  long^    It  was 
felt  that  this  was  a  milder  form  of  achondroplasia  than  other  types  which 
had  been  reported  at  that  time.    It  was  concluded  that  the  sires  were 
heterozygous  for  the  monstrosity, 

"Bulldog"  calves  were  also  reported  in  the  Guernsey,  Jersey  and  Ayrshire 
breeds,  all  apparently  caused  by  the  homozygous  condition  of  a  recessive 
gene  (2k)  <>    Dwarf  cattle  are  also  reported  among  the  original  Spanish 
cattle  in  Puerto  Rico  (k) o    A  new  sublethal  type  of  achondroplasia  was 
brought  to  light  as  a  result  of  the  inbreeding  of  Jersey  cattle  at  Cali- 
fornia (89)0    It  was  recessive  in  nature,  but  more  variable  in  its  pheno- 
typic  expression  than  the  Telemark  typeo    The  greatest  modifications 
seemed  to  occur  in  the  development  of  the  bones  of  the  skull  and  jawo 
Defective  calves  could  be  identified  at  birth  by  a  shorty  broad  headj,  and 
a  prominent  f oreheado    Cleft  palate  might  be  observed  in  severe  cases  and 
the  maxilla  was  sometimes  shortened.    The  gene  involved  "has  little,  if 
any,  effect  on  leg  length".    The  dwarfs  died  after  birth,  although  one 
achondroplas  tic  female  lived  to  li;  months  of  age^ 

Jersey  "bulldog"  calves  that  have  notched  ears  have  been  described  (226), 
In  addition,  they  have  shortened  maxillae,  bulging  eyes,  short,  gnarled 
legs,  no  tails 3  and  were  hermaphrodite So    They  were  full  term  and  bom 
alive,    Jersey  "bulldog"  cattle  are  described  as  having  skulls  broader 
and  shorter  than  normal  (12),    The  nasal  bone  is  particularly  short  and 
broad,  and  the  poll  is  wider  between  the  cores ,     The  orbits  are  large  and 
upper  jaw  shorto    The  animals  apparently  have  impaired  vision, 

"Stumpy",  a  recessive  achondroplasia  in  Shorthorns,  has  been  described 
(6),    This  type  of  dwarfism  was  discovered  following  a  line "breeding  pro- 
gram in  a  purebred  Shorthorn  herd  in  Central  Nebraska c    The  dwarf  or 
"sttin^iy"  calves  had  three  comraon  characteristics'; 

1,    They  had  curly  coats  and  smaller  switches «    By  these  character- 
istics the  "stumpy"  individuals  could  be  detected  at  birth. 

2o    An  achondroplas tic  condition,  more  marked  in  the  forelegs  than 
in  the  hindlegs.    The  knees  were  enlarged*    The  cannon  bones 
were  tx-jisted.    The  body  and  head  seemed  to  be  nonnal  in  sizeo 

3o    Metabolic  dist-arbances  were  present  in  all  "stumpy"  calveso 

Most  of  these  animals  were  thin.    These  dwarfs  live  and  repro-^ 
duce,  and,  although  the  condition  is  not  lethal,  it  is  a  serious 
economic  loss  to  breeders.    No  post-mortem  examinations  were 
made  and  the  endocrine  glands  were  not  studied.    No  measurements 
of  the  animals  were  taken. 

Between  1937  and  19li6,  a  total  of  562  calves  were  bom  in  the  inbreeding 
program.    Among  these  were  26  dwarfs.    The  incidence  of  dwarfs  in  the  herd 
for  that  period  was,  therefore,  ho6  percent.    All  of  the  dwarfs  had  a  com- 
mon ancestor  in  which  the  mutation  might  Iriave  occurred.    From  an  analysis 
of  the  pedigrees,  it  was  concluded  that  the  "stumpy"  syndrome  vras  caused 
by  a  single  autosomal  recessive  gene. 
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West  African  Shorthorn  cattle  have  been  described  that  are  dwarfed  in 
stature^  htunplessj  and  do  not  resemble  Zebu  in  any  characteristic,  A 
f  ull=grora  bull  will  weigh  3^0  po'uiids  and  measure  about  36  inches  to 
the  top  of  the  withers,    Th3y  appear  to  breed  trae  genetically  since 
they  do  not  change  even  under  optimum  environmental  conditions  (lllt)^ 

There  is  a  reported  occurrence  of  a  "Dexter  monster"  which  was  dropped 
by  a  Jersey-Holstein  crossbred  cow  that  had  been  mated  to  a  Holstein 
b\ill  (5a).    The  monster  had  no  hard  palate  and  no  hypophysiso  There 
was  only  one  parathyroid..    The  thyroid  gland  was  small  while  the  thymus 
gland  was  large  and  active.    The  skull  and  skin  were  abnormally  thick 
and  the  brain  microcephalic. 

An  achondroplastic  type  found  in  Swedish  Red  and  White  cattle  appears 
to  be  siuiils^r  to  dwarfs  found  in  some  of  the  British  breeds  (11?)? 

I9    Head  short  and  broad  with  moderately  bulging  forehead 
2»    Upper  jaw  noticeably  shorter  than  lower  jaw 
3..    Legs  comparatively  shorty  particularly  below  knee  and  hockj 
the  calves  stand  on  the  tips  of  their  toes^  and  on  the  hind- 
legs  the  toes  in  most  cases  turned  under—the  condition 
improved  so  that  the  calves  could  walk  fairly  well  in  a  week 
01'  two 

he    Gestation  length  normal 

5o    Excessive  amniotic  fluid  noted  in  many  cases 

6,    Bull  calves  showed  more  pronounced  symptoms  than  heifer  calves. 

The  indications  are  that  the  heterozygotes  are  somewhat  achondroplastic, 

A  proportionate  type  of  dwarfism  is  known  in  Jersey  cosnrs  (153 They 
tend  to  be  smaller  at  birth  but  weights  and  measurements  lie  within 
normal  range  so  dwarf  animals  cannot  be  identified  by  differences  in 
general  appearance  earlj^  in  life^    At  maturity  they  are  distinctly 
smaller  than  normal  cattle,,    It  is  due  to  a  single  autosomal  recessive, 

Akroteriasis  congenita  (amputated)  was  reported  in  the  Swedish  breed 
of  Holstein-Friesian  cattle  {2h7s  2li.8)o    In  the  homozygous  condition 
it  was  characterized  by  an  extremely  reduced  mandible  and  raajcilla^  fore- 
legs amputated  at  the  elboi^s^  hindlegs  amputated  at  the  hock  joint^  and 
a  pronounced  hydrocephalus «    The  calves  died  at  full-term  c    Among  ll5 
calves  produced  by  the  mating  of  heterozygous  bulls  to  their  daughters^ 
102  were  normal^  13  were  amputated^  which  fits  tne  expected  ratio  of 
lOlttk  according  to  the  hypothesis  of  a  single  recessive  gene.  The 
gene  was  probably  imported  from  Germany  and  was  widely  spread  in  Sweden o 

A  gene  for  short  spine  when  in  the  homozygous  state  caused  an  extremely 
short  neck^  thorax^  and  tail^  in  the  Oplandske  mountain  breed  of  cattle 
in  Norway  (iSh)      The  calves  died  after  full  term«    In  some,  atresia  ani 
was  present.    This  condition  was  attributed  to  a  single  recessive  sub- 
lethal geneo 

An  undersized  Hereford  steer  has  been  described  as  having  a  "general 
dwarf -like  appearance^  short  and  irregularly  cu:cved  legs^  abnormally 
large  joints,  short  and  thickexied  facec,  and  a  nervous  disposition J» 
It  was  fed  and  treated  for  one  year  like  the  show  cattle  and  dtjiring 
this  period  it  improved  a  little c    The  calf  was  sired  'by  a  purebred 
Hereford  bull  out  of  a  good  grade  Hereford  cow.    Upon  post-mortem 
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examination,  they  found  that  the  epiphyses  of  the  long  bones  were 
enlarged  and  irregularly  curved.    The  thyroid  gland  was  about  one-fifth 
of  the  normal  size„    The  parathyroids  were  correspondingly  small^  and 
the  pituitary  was  only  about  ^0  percent  of  the  normal  size.     It  was 
suggested  that  this  condition  might  be  due  to  the  underdeveloped 
thyroid  and  pituitary  (U2), 

A  recessive  type  of  dwarfism  present  in  Angus  has  been  reported  (7)o 
Dwarfs  were  always  distinguishable  at  birth.    At  varying  ages  from 
birth  to  two  or  three  months,  they  usually  exhibited  exceptionally  com- 
pact, low-set,  thick  bodies,  with  short,  wide  head.    They  usually  did 
not  gain  or  fatten  normally  and  after  a  few  months  did  not  show  the 
same  thickness  and  degree  of  finish  as  they  had  at  an  earlier  age.  The 
head  also  appeared  relatively  longer  and  narrower  than  at  an  earlier 
ageo    Bull  and  heifer  dwarf  calves  were  produced  in  approximately  equal 
number So    The  condition  is  due  to  a  single  autosomal  recessive  gene. 

The  Hereford  dwarf  has  probably  received  the  most  attention  recently 
(118)0    Its  occurrence  is  quite  frequent.    The  dwarfs  were  thick  and 
blocky  at  birth,  and  most  of  them  caused  calving  difficulties  because 
of  their  characteristic  greater  width  of  body.    This  was  especially 
noticeable  when  the  mother  of  a  dwarf  was  a  heif er^    Sometimes  death 
occurred  due  to  dystocia <,    Most  of  the  dwarfs  died  before  they  were  one 
year  of  ageo    The  symptoms  of  dwarfism  became  increasingly  pronounced 
with  age  due  to  retarded  growth.    Most  of  them  were  chronic  bloaters 
and  some  died  of  that  cause.    Slightly  bulging  foreheads  were  common, 
but  this  alteration  was  not  always  extreme  and  might  not  be  present. 
It  was  reported  that  the  lateral  ventricles  of  the  brains  of  dwarfs  con- 
tained more  than  the  normal  amount  of  fluids    In  a  two-year-old  dwarf 
bull,  spermatogenesi;s  vras  present.    No  defect  of  the  endocrine  glands 
was  found  in  the  two  dwarfs  examined  histologically  (118), 

A  more  comprehensive  study  was  made  of  dwarfs  in  the  Hereford,  Angus, 
and  Shorthorn  breeds  (92),    A.ll  of  the  dwarfs  had  thick,  heavy,  labored 
breathing  as  if  they  had  some  respiratory  trouble.    The  mandible,  with 
some  malocclusion  of  the  incisors  with  the  dental  pad,  was  longer  than 
the  maxilla.    The  dwarfs  were  low  set,  compact,  blocky,  short  of  neck, 
wide  through  the  body,  and  had  a  broad,  short  face.    The  shortening  of 
the  long  bones  and  the  bulging  of  the  foreheads  were  common  character- 
istics of  these  dwarfs  within  the  Hereford,  Aberdeen  Angus  and  Shorthorn 
breeds »    At  two  to  four  months  of  age,  the  dwarfs  appeared  to  be  stunted 
and  potbellied  and  they  were  able  to  breathe  with  difficulty.  Physio- 
logical studies  indicated  that  the  dwarfs  have  a  deficiency  of  the  thyro- 
tropic hormone.    It  was  suggested  that  probably  more  than  one  type  of 
dwarfism  was  involved  within  each  breed  of  the  Hereford,  Angus,  and 
Shorthorns.    Hereford  and  Angus  dwarfs  have  been  shown  to  have  pituitary, 
thyroid,  adrenals,  ovaries  and  testicles  almost  normal  (136). 

Calves  from  dwarf  X  dwarf  matings  are  p hen o typically  similar  to  dwarfs 
produced  by  heterozygous  parents  (11 h) »  Experimental  results  indicate 
that  nutrition  cannot  be  associated  with  this  type  of  dwarfism, 

A  study  has  been  made  of  head  characteristics  in  an  attempt  to  identify 
heterozygotes  (93).    A  study  of  the  median  profile  of  homozygous  and 
heterozygous  horned  Hereford  bulls  shows  that  the  heterozygotes  are  gen- 
erally characterized  by  a  slight  bulging  in  the  midf orehead  region. 
This  permits  an  accurate  differentiation  of  the  two  genotypes  which  are 
otherwise  apparently  phenotypically  normal.     This  type  of  dwarfism  is 
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due  to  an  atitcsomal  recessive  gene  (93?  Il8j  17ii)c    It  also  appears  that 
the  incidence  is  increasing  since  breeders  have  definitely^  though 
un-conscioasly^  favored  the  heterozygote  especially  in  the  selection  of 
sires  (93).    It  has  also  been  observed  that  dvjarfs  are  not  likely  to  be 
encountered  except  in  the  progeny  of  short-legged^  brachycephalic  anim- 
als (llOo     (Attthor' s  note:    P,       Gregoryj  in  a  personal  coramunicationa 
has  pointed  oirt  exceptions  to  this  generalization) . 

A  congenital  deformity  t^hat  is  non'-hereditary  has  been  described  (98) » 
Osseus  development  of  the  head  in  different  affected  animals  is  not  con- 
sistentj  there  exists  an  achondropiastic-like  condition  with  shortened 
head  lengtbj  -usually  accompanied  by  unaershot  jaw^  and  the  long  bones  of 
the  fore  and  hind  iim^s  are  markedly  shortened „    The  condition  is  not 
hereditary^  but  the  specific  deficiency  or  deficiencies  involved  have 
not  been  ascertainedo 

'-Short  spine" J  reported  in  the  Norway  Oplondske  breed,  and  ''amputated^, 
:in  the  Holstein-Friesians,,  nave  been  compared  (l6a)o    The  affected 
Oplondske  calves  are  full  term,  birt  are  stillborn  or  die  :ljnraediately 
after  biirtho    The  legs  are  nomal  in  length,  but  the  entire  spinal  col- 
umn is  shortenedo    This  shoi  tentag  is  due  to  ap.ls,sia  or  reduction  in 
size  with  irregaiar  fusion  and  amalgamation  of  adjacent  vei'tebral  rudi" 
ments  duxdng  development o    It  is  due  to  a  single  recessive  gene« 

Hydrocephal-us  s 

For  arjy  marked  enlargement  of  the  head  to  occur^  the  increased  intracranial 
pressure  must  be  present  early  in  de%''elopmental  life.    Hydrocephalus  is 
readily  produced  in  mammalian  forms  and  may  follow  either  ventricular 
bjxck  or  a  d^Jifuse  meningeal  block o 

In  a  crsss  of  a  Diurham  bull  on  a  Jersey-Hereford  cow^  a  hydrocephalic 
calf  was  bora.    The  nydrccephalus  resulted  from  a  congenital  malgrcwth 
in  the  diencephalon  with  a  constriction  of  the  third  ventriele  to  a  very 
narroTi'  canal  {l.Okh 

In  Holotein  hydrocephalic  calves^  the  internal  hydrocephal'us  was  aecom- 
panied  by  a  marked  papilledema «    The  lateral  ventricles  were  greatly 
distended  so  that  only  a  thin  layer  of  cerebral  tissue  remained  between 
the  cavity  of  the  ventricles  and  the  cranial  bones.    Both  the  himeri  and 
the  femurs  of  these  animals  showed  marked  ma.lf ormatione    The  sha.fts  of 
these  bones  were  considerably  shortened  but  larger  in  diameter  than  the 
normal  (39) « 

"Asymmetry"  (wx-y  face)  and  "i-jstrpy"  (musc^.iLar  incoordination)  war©  fomid 
associated  with  hydrocephalus «    Tte  hydrocephalus  appears  to  be  due  to  a 
simple  recessive o    Recessive  hydrocephalus  has  been  reported  in  the 
Marche  breea  (76) o    In  many  cases^  hydrocephalus  was  accompanied  by  mal- 
formation of  the  limbs o    Recessive  hydrocephalus  was  also  reported  in 
Jersey  cattle  (65) «.    In  a  report  covering  the  general  consideration  of 
hydrocepnalus  in  calvesj  it  was  stated  that  congenital  internal  hydro- 
cephalus of  the  newborn  may  well  account  for  a  considerable  number  of 
unexplaiiied  losses  in  calves  during  the  first  few  weeks  post  partiMo  It 
is  a  condition  which  is  apparently  not  too  imccmmon  and  which  may  not  be 
readily  recognized  at  birth  or  shortly  thereafter  (20) » 

Hydrocephalus  is  apparently  produced  by  a  failure  of  the  arainage  mechan- 
ism, of  the  ventricles  of  the  braiiri.     The  cerebrospinal  fluid  secreted  by 
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the  ependymal  cells  of  the  choroid  plexus  is  retained  and  accumulates 
within  the  ventricles.     This  excess  fluid  compresses  the  soft  tissues  of 
the  brain  against  the  bones  of  the  cranium,  resulting  in  doming  of  the 
calvarium,  neurologic  symptoms,  and  death.    The  author  considers  the  pos- 
sibility that  hydrocephalus  was  due  to  a  vitamin  A  deficiency  in  the  dam. 
Vitamin  A  deficiency  has  been  studied  in  this  regard  (l66). 

Presence  of  papilledema  is  usually  considered.. prima  facie  evidence  of  an 
elevated  cerebrospinal  fluid  pressure: 

a„    A  deficiency  of  vitamin  A  in  the  ration  of  the  young  bovine  pro- 
duces an  increased  cerebrospinal  fluid  pressure. 

bo    The  increase  in  cerebrospinal  fluid  pressure  is  accompanied  by 
papilledema,  nyctalopia,  syncope,  and  incoordination., 

Ce    On  return  to  normal  diet,  the  cerebrospinal  pressure  slowly 

returns  to  near  normal,  while  the  quoted  disturbances  disappear. 

In  one  animal,  the  ventricles  of  the  brain  were  distended,  being  three  to 
four  times  the  normal  size« 

A  hydrocephalic  condition  has  been  reported  in  the  Duroc-Jersey  breed  of 
swine  (l8)e    It  was  an  external  type  of  hydrocephalus,  the  fluid  being 
found  in  the  subarachnoid  spaces.    This  character  was  found  associated 
with  the  dilution  of  coat  color  and  a  short  tail,  or  no  tailo     The  bocfy- 
size  of  the  hydrocephalic  pig  was  reduced.     It  was  a  lethal  character 
for  swine.    The  young  pigs  were  either  stillborn  or  died  shortly  after 
birth.    This  condition  is  due  to  a  simple  recessive  gene« 

Related  characters  in  cattle: 

A  spastic  syndrome  has  been  reported  in  cattle  (188)  <,    It  is  probably  a 
disease  of  the  central  nervous  system,  usually  affecting  older  cattle. 
It  is  characterized  by  spastic  contraction  of  muscles  of  one  or  both  hind 
legs,  back,  and  eventiially  the  entire  body.    The  cramps  last  from  several 
seconds  to  a  few  minutes  or  longer  and  then  cease  suddenly,  only  to  be 
repeated  upon  the  proper  stimulus.    The  attacks  are  mild  for  several  years 
before  a  severe  attack  occurs.    Symptoms  are  most  evident  when  the  animal 
first  gets  up  or  is  startled,  and  are  absent  when  the  animal  is  recumbent. 
The  animals  appear  to  be  less  affected  when  on  pastxire,  exercised  moderately, 
and  kept  isolated  and  quiet.    This  characteristic  has  been  observed  in 
Holstein,  Guernsey,  Ayrshire,  crossbred  Brahman,  and  Shorthorn.    Xt  has 
definite  familial  occurrence  but  the  exact  hereditary  nature  has  not  been 
determined. 

Congenital  ataxia  has  been  described  in  Jersey  calves  (195) s 

1.  Some  calves  showed  symptoms  at  birth,  others  not  before  two  or 
three  weeks 

2.  Calves  would  fall  down,  walked  like  a  ballet  dancer 

3.  Calves  had  good  appetites. 

ho    Calves  well  formed  and  appeared  bright  and  alert 

5.  Due  to  anomaly  of  cerebellum  and  mid-brain — consisted  of  lack  of 
development  of  nerve  cells,  axon  cylinders,  myelin  sheaths  and 
oligodendroglia  in  these  regions 

6.  Apparently  due  to  a  simple  recessive  ' 
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Hereditary  congenital  lethal  spasms  are  also  known  in  Jersey  cattle  (90) o 
The  calves  appear  robust  and  healthy  except  for  certain  convulsive  move- 
ments c    The  calf  could  stand  but  never  did  so  voluntarily.    The  condition 
is  due  to  a  simple  recessiveo    A  check  list  of  hereditary  and  familial 
diseases  of  the  central  nervous  system  in  domestic  animals  has  been  com- 
piled (19li.)c    Some  of  the  selected  examples  arer 


BREED 

CHARACTER 

INHERITANCE 

lo 

Brown  Swiss 

Epilepsy 

Dominant 

Danish  Red 

Congenital  posterior 

Recessive 

paralysis 

3» 

Hereford 

Ataxia^  cerebellar 

Not  reported 

hypoplasia 

ho 

Holstein-Friesian 

Spastic  paresis 

Recessive 

Swiss  Spotted 

Spastic  paresis 

Recessive 

6. 

Hoist e  in-Frie  s  ian 

Spasms 

Recessive 

7o 

Jersey 

Spasms 

Recessive 

8c 

Norwegian  Red  Poll 

Paralysis J  spasms  of  neck 

Recessive 

9. 

Simmental 

Tremor  of  fore  limbs 

Not  reported 

A  deformity  of  the  lower  jaw  has  been  reported  in  Milking  Shorthorns  (3)o 
The  jaw  is  only  half  normal  length.    It  is  due  to  a  recessive  gene,  A 
malocclusion  due  to  mandibular  prognathism  is  also  reported  due  to  a  dom- 
inant gene  with  reduced  penetrance  (219) o 

Sheep  and  goats s 

Dwarf  lambs  were  produced  in  a  strain  of  Southdown  sheep  (19) o    They  had 
short  legSj  thick  shoulders  and  bulging  foreheads.    The  dwarfs  gained  in 
weight  for  a  short  period  of  time  and  became  "puffy"  fat  in  appearance » 
They  died  within  a  few  weeks  after  birth.    Some  of  them  had  short  under 
jawso    Therapy  with  desiccated  thyroid  appeared  to  be  beneficial.    It  is 
due  to  a  simple  recessiveo 

The  ancon  mutation  in  sheep  represents  the  earliest  recorded  mutant  among 
domestic  animals*    It  is,  therefore,  interesting  to  study  (125),    In  1791? 
the  first  ancon  lamb  was  bom  in  Dover,,  Massachusetts,     The  owner,  Seth 
Wite,  Jroj  accepting  the  advice  of  his  neighbors «  killed  the  ram  heading 
his  flock  of  fifteen  ewes  and  used  the  jo'ong  ancon  for  breeding,    A  few 
more  lambs  distinguished  by  the  same  peculiarities  were  dropped  in  his 
flock.    Thus,  a  new  variety  of  sheep  came  into  the  world.    It  was  named 
the  "Otter"  breed  after  its  real  or  imaginary  resemblance  to  the  otter 
in  shortness  of  its  legs  and  length  of  its  back,, 

A  Boston  surgeon J  Dr.  George  Chayne  Shattuck,  dissected  one  of  these 
sheep  and  reported  that  it  had  loose  articulations  and  small  bones.  He 
noted  especially  the  crookedness  of  its  forelegs,  which  caused  them  to 
appear  like  elbows  when  the  animal  walked.    He  called  them  "ancon"  from 
the  Greek  word  which  signifies  "elbow", 

Hejaz  goats  resembled  the  goats  of  prehistoric  ages.    They  were  of  uni- 
f om  type  with  harmonious  proportionate  growth.    They  had  bulging  fore- 
heads.   The  auricula  was  occasionally  atrophied,  and  only  the  scantiest 
vestige  remained.    This  trait  was  called  "earless"  as  they  had  ears  half 
as  large  as  those  of  normal  goats.    In  the       generation,  this  character 
segregated  in  the  proportaon  of  2^  percent  homozygous  earless,  50  per- 
cent heterozygous  short-ears,  and  2^  percent  homozygous  normal  ears  (67)» 


The  study  of  the  characteristics  revealed  that  the  Hejaz  goat  was  con- 
siderably smaller  in  size  than  goats  of  neighboring  states  and  that  it 
was  an  established  breed . 

It  is  stated  that  the  small  structure  of  the  Hejaz  goat  was  due  to  pitu- 
itary hypoplasia o     It  is  suggested  that  this  dwarf  breed  had  arisen  due 
to  natural  selection  which  was  helped  by  artificial  selection  and 
inbreeding.     Poor  environmental  conditions,  especially  scarcity  of  food, 
promoted  the  evolution  of  a  small^,  hardy  type  of  goat.    The  Hejaz  goats 
interbred  to  such  a  degree  that  Inbreeding  helped  to  increase  the  rate 
of  combination  of  mutant  genes  governing  the  pituitary  hjrpoplasiao 
This  system  of  breeding,  without  the  introduction  of  any  outside  blood, 
explained  the  uniformity  of  the  Hejaz  breed o 

A  careful  study  has  been  made  of  the  skeleton  of  the  African  dwarf  goat 
(36)*  In  one-year-old  goats,  the  epiphyseal  lines  in  the  distal  end  of 
the  humerus  and  the  proximal  end  of  the  radius  have  disappeared  whereas 
they  are  still  present  in  normal  goats  of  the  same  age.  These  bones  do 
not  have  the  characteristics  of  chondrodystrophy  as  in  creeper  fowl  and 
ancon  sheep.  Reproductive  functions  appear  normal.  There  is  no  indi- 
cation of  dysfunction  of  thyroid  or  pituitaryo 


TABLE  10. — ^T-leasurements  (in  mm)  and  percentage  retardation  of  skull  of 
the  African  dwarf  goat  (36). 


:  Newborn 

One  Year 

Old 

: Normal 

Dwarf 

Percent 
Retardation 

.  Nonnal 

Dwarf 

Percent 
Retardation 

Total  length  ; 
of  skull  ; 

llii,7 

108  ol 

203,1; 

163.5 

19  06 

Interf acial 

turbosity 

distance 

39o7 

7o9 

':  6U08 

57.7 

11. 

Cranial  width  : 

'  56o8 

5O06 

10.9 

t  67o2 

58, 

13o7 

Skull  height 

^606 

5icl 

9c7  : 

93o6 

78, 

1606 

Mandibular  length: 

85.1i 

76e6 

10,3  : 

'  l5iio8 

llii. 

26. h 

Mandibular  height: 

h2.7 

illo 

88, U 

70, 

20,2 

-ill- 

TABLE  ll.-^Length  (in  mm)  and  percentage  retardation  c£  leg  bones  of  the 
African  dwarf  goat  (36). 


Newborn 

One  Year 

Old 

Normal 

Dwarf 

Percent  : 
Retardations  Normal 

Dwarf 

Percent 
Retardation 

Scapula 

72,1 

66. 

8.5 

l]i|.6 

103.8 

28.2 

Hiimerus 

'    9k  ^9 

78.7 

17.1 

l  161.9 

112.1 

30,8 

Radius  -  Ulna 

117.9 

9ii.6 

19«8 

'  202.5 

139  »2 

31o3 

Metacarpus 

l^M 

58  =U 

22.6 

'  111.8 

78,2 

30.1 

Phalanx  I  : 

25.8 

20.6 

20,2  ; 

.  i+0.6 

30,1 

25.9 

Phalanx  II  ; 

19. 

15.3 

19.5  : 

28o3 

21,7 

23.3 

Femur 

!  100.6 

85.5 

IS. 

186.2 

127.2 

32.U 

Tibia  ; 

116, 

98,6 

15. 

:  217. 

m8. 

31.8 

Metatarsus  : 

>  76. 

60,2 

20.8  ; 

116.7 

81.3 

30.3 

Phalanx  I 

:  26.5 

20,8 

21.5 

:  3.9 

29.7 

23.9 

Phalanx  II  ; 

19. 

15.1 

20,5 

:  31.8 

21.3 

33. 

EXPERIMENTAL  ENDOCRINE  DISTURBANCE 

In  a  thTToidectomy^  care  must  be  taken  to  assure  complete  removals    J£ ^ 
after  surgical  treatment,  only  very  small  remnants  of  thyroid  gland 
tissue:  are  left  functioning,  these  remnants  (under  conditioning  and 
perl'japs  stiraulation)  preserve  the  typical  properties  of  the  total  gland 
in  hyperthyroidism  (17)o 

The  principal  effect  of  thyroidectomy  at  birth  in  the  rat  was  manifested 
as  a  marked  retardation  in  the  growth  and  maturation  of  the  an:imal.  The 
rat  thyroidectomized  at  birth  had  the  following  characteristics  (201): 

1„    Exceedingly  slow  but  continuous  increase  in  body  weight  and 
size  of  skeleton 

2»    Delay  in  appearance  of  secondaiy  ossification  centers 

3-    Reduction  in  oxygen  consumption 

U«    Marked  retardation  in  the  transformation  of  hair  from  the 
infant  to  the  adult  type 

5s    Delay  in  eruption  of  teeth 

6^    No  apparent  increase  in  susceptibility  to  intestinal  disorders 
and  infection 
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7o    Hearty  appetite 

80    No  symptoms  of  tetany 

9c    Eyeball  and  brain  practically  equal  in  absolute  weight  to  those  of 
the  normal  rat,  being  greater  in  proportion,  therefore,  to  body 
weighty  intestines  likewise  being  proportionally  larger  in  thyroid- 
less  rats 

There  was  a  tendency  for  excessive  accumulation  of  gas  in  the  intestines. 
This  accumulation  of  gas  was  correlated  with  the  occurrence  of  the  pro- 
tuberant abdomen. 

In  attempts  to  produce  experimental  thyroid  hyperplasia,  it  was  found 
that  adult  rats  kept  under  hygienic  conditions  and  fed  a  high  protein 
diet  developed  hyperplasia  of  the  thyroid  gland  (31) »    Rats  kept  under 
unhygienic  conditions  developed  hyperplasia  of  the  thyroid  if  given  a 
standarc  diet  of  bread  and  milk. 

Hereditary  dwarf  mice  of  the  silver  strain  and  hypophysectomized  rats 
were  found  to  be  similar  conditions  (209)  <>    In  both  cases,  growth  was 
either  absent  or  much  below  normals,    The  thyroids  and  adrenals  were  mar- 
kedly imperfect.     Implants  with  fresh  anterior  pituitary  restored  both 
of  these  conditions  to  nearly  normal.    However,  an  outstanding  difference 
betvreen  the  hereditary  dwarfs  and  Ir^rpophysectomized  rats  was  the  degree 
of  development  of  their  reproductive  systems.     In  hereditary  dwarfs,  the 
testes  and  the  motility  of  the  sperm  were  not  greatly  different  from 
normal.    In  hypophysectomized  rats,  the  testes  became  flabby,  the  sperm 
did  not  develop,  and  the  seminal  vesicles  and  other  glands  became  greatly 
reduced  in  size.    The  ovaries  of  hypophysectomized  rats  were  less  active 
than  those  of  hereditary  dwarfs.     The  uteri  of  dwarfs  were  infantile, 
whereas  the  uteri  of  hypophysectomized  rats  were  thread-like.    This  sug- 
gested that  the  pituitary  growth  hormone  of  the  dwarf  was  suppressed 
without  a  corresponding  suppression  of  the  gonad-stimulating  hormone. 
There  was  a  high  concentration  of  the  gonad-stimiilating  hormone  in  the 
pituitaries  of  the  hereditary  dwarf s,  whereas  workers  failed  to  detect 
the  presence  of  growth  hormones. 

Many  biological  variants  have  been  produced  among  the  descendents  of 
mice  which  had  been  injected  subcutaneously  with  methylcholanthrene  for 
many  generations  (22i;).    Dwarfs  have  been  produced  which  are  smaller  than 
normal  at  birth,  and  generally  die  before  weaning.     The  condition  is  due 
to  a  simple  recessive. 

Eighty-seven  domestic  rabbits  were  thyroidectomized  at  13  to  21  days  of 
age  (107).     Thyroidectomy  retarded  development  of  the  face  and  cranial 
base.    In  breadth,  the  skull  showed  disproportionate  retardation  in  the 
face  and  forehead.    The  development  of  the  face  showed  a  retardation 
comparable  to  that  of  the  skull.    Verticle  growth  of  the  mandible  was 
also  significantly  retarded,  indicating  a  generally  underdeveloped  jaw. 
These  effects  were  greater  in  the  female.    The  bone  of  the  upper  and 
lower  jaw  was  markedly  porous.    Cranial  bone  vaults  (parietals  and  f ren- 
tals) were  thinner  than  normal, 

A  comparison  of  control  and  thyroidectomized  skulls  showed  that  physio- 
logical insufficiency  of  thyroid  secretion  was  manifested  within  six  days. 
The  skull  weighed  less  and  there  was  difference  in  over-all  length,  most 


of  which  was  due  to  the  shortening  of  the  face  in  the  region  anterior  to 
the  premolar  teetho    Superior  facial  breadth  was  also  distinctly  narrowed „ 
The  animals  were  identical  in  all  measurements  except  those  of  the  f aeeo 
Of  the  two  regions  most  affected  by  thyrcidectomyj  face  and  skull  base^, 
the  face  was  affected  firsts    The  shortness  of  the  diastema^  so  marked  in 
adults^,  was  already  present,, 

In  only  partly  excised  thyroids  of  rabbitsr,  the  hormone  exhaustion  was 
promoted  by  pregnancy  (10) „    Calculus  In  the  bladder  was  associated  with 
degenerative  changes  in  the  kidneys  of  thyroidectomized  animals o 

Extirpation  of  the  thyi-oid  gland  of  young  pups  resulted  in  retardation 
of  grewth  through  cell  metabolic  disturbances  which  did  not  affect  all 
parts  of  the  body  alike  (60)o    There  was  retardation  of  the  ossification 
of  cartilage  bone  and  delayed  ankylosis  of  the  sutures  of  the  skull  bones. 
There  was  no  effect  on  membrane  bone  development »    This  retardation  of 
growth  of  skull  bones  mechanically  altered  the  skull  shape  with  resulting 
brachycephaly^  depressed  root  of  the  nose^  shortened  superior  and  inferior 
maxillary  bones  and  hjrpochondroplasia  (59)° 

Hypophysectomized  dogs  are  more  susceptible  to  disease  (hi) o    Distemper  and 
pneumonia  are  the  usual  causes  of  deatho    Other  characteristic  symptoms 
ares 

lo    Low  mentality 

2o    Retain  soft  puppy  hair^  first  denture,  and  infantile  sexual 
apparatus 

3o    Skeletal  groi/rbh  stops  almost  immediately  aft®r  hypoplrysectomy 
ko    Closure  of  epiphyseal  lines  delayed  to  19  months^-they  normally 

close  between  the  7th  and  9th  month 
5o    Thyroids^  adrenals^  sex  glands^  and  pancreas  exhibit  cessation 

of  growth  or  actual  recession  in  size  after  operation 

The  ssrraptoms  associated  with  hypophysectomy  of  growing  chicks  are  listed 
as  follows  {TJl)t 

lo  Very  lethargic 

2o  BM  decreased  30-50  percent 

3o  Gait  clumsy 

ho  No  sex  interest 

5o  Become  mute 

6o  Up  to  260  days  following  operation  they  deposit  and  contain 

five  times  as  much  fat  as  controls 

7o  Pronounced  tgrpertrophy  of  gall  bladder 

8o  Death  attributed  to  a  disturbance  of  the  carbohydrate  metabolism 

9e  Thyroids  respond  in  10  to  20  days^  become  very  small 

10 o  Adrenals  undergo  almost  complete  degeneration 

Ho  Feather  growth  slow 

BehB.v±OTB.ly  physical  growth  and  metabolic  features  were  investigated  over 
a  f our^-month  period  in  two  infant  Rhesus  monkeys  whose  thyroids  were 
ablated  in  the  neonatal  period  and  over  a  similar  period  in  two  others 
whose  thyroids  were  ablated  at  four  and  five  monthso  respectively  (179) » 

131 

I       in  amounts  necessary  to  produce  thyroid  ablation  caused  neither  sig- 
nificant change  in  the  formed  elements  of  blood  nor  hypoparathyroidismo 
Characteristic  behavioral  and  physical  changes  similar  to  those  common  to 


the  human  athyroid  appeared  l5  to  20  days  following  thyroid  ablation  and 
were  marked       I4.O  to  ii5  days. 

1.  Macroglossia 

2o  Generalized  myxedema 

3o  Labored  breathing 

U.  Showed  sluggish  motor  activity 

5o  Generally,  lassitude  and  somnolence  replaced  alert  inquisitive- 
ness, 

60  Marked  deficit  in  over-all  growth 

7„  Assumed  sitting  or  crouched  position 

80  Hair  coarse,  irregular,  and  dull 

9o  Delayed  teeth  eruption 

lOo  Enlargement  of  palatglossal  and  palatopharyngeal  arches 

11 o  Abdomen  doughy  and  protuberant 

Coincident  to  the  changes,  voluntary  caloric  intake  dropped  50  percent 
and  growth  stopped.    Nitrogen,  calcium,  and  phosphorus  retention  was 
greatly  reduced  from  normal  and  fluctuated  with  the  varying  degree  of 
myxedema o    Similarly^  urinary  creatine  and  creatinine  excretion  averaged 
50  percent  of  normals 

The  thyroidectomized  bovine  shows  characteristic  changes  3O-6O  days  after 
thyroidectomy  (213), 

1,  Diminished  appetite 

2o  Decreased  activity 

3«  Increased  susceptibility  to  low  temperatures 

ho  Enlargement  of  the  paunch 

5.  Hair  becomes  progressively  dry  and  brittle 

60  Skin  becomes  thick  and  dry 

7o  Animals  seem  to  have  difficulty  raising  their  feet  and  shuffle 
along 

8.  Decreased  pulse  rate 

9o  Subnormal  temperature 

A  heifer  was  thyroidectomized  on  the  i4.6th  day  of  her  first  gestation  per- 
iod.   Growth  was  static  for  about  20  weeks  f ollox>ilng  thyroidectomy.  How- 
ever, coincident  with  the  last  10  weeks  of  the  gestation  period,  a  sudden 
resumption  of  height  and  body  weight  gain  occurredo    Following  parturi- 
tion, growth  again  became  static  and  little  change  was  noted  until  the 
latter  part  of  the  subsequent  gestation  period  when  growth  was  resumed. 

It  appears  that  the  thyroid  deficiency  of  the  mother  was  remedied,  par- 
tially at  least,  either  by  diffusion  of  the  thyroid  hormone  from  the 
fetus  into  the  maternal  circulation  or  by  some  undefined  factor  related 
to  the  pregnant  state « 

Thyroidectomy  caused  complete  inhibition  of  libido  but  no  apparent  effect 
on  spermatogenesis,     Thyroidectomized  cows  failed  to  manifest  normal  physi- 
cal signs  of  estrus  but  could  be  impregnated  and  calve  (213,  l8h)o 

A  study  was  made  based  upon  the  skulls  and  skeletons  of  five  pairs  of  twin 
sheep,  one  of  each  pair  being  thyroidectomized  early  in  life  (231), 

The  general  results  but  not  necessarily  the  specific  or  direct  effects  of 
thyroidectomy  are: 


a.    Deficient  growth  and  modelling  of  the  epiphyses  themselves 
bo    Defective  development  of  age  characteristics  on  both  epiphysis 
and  adjacent  shaft 


Co    Diminished  velocity  of  growth  of  shaf t==there  is  no  modifica- 
tion of  bone  texturej  weight,  thickness^  or  modellir^  of  shaft 
and  no  prolongation  of  the  growth  period  to  compensate  for 
diminished  velocity 

The  locus  of  damage  to  both  growth  and  maturation  patterns  is  definitely 
and  solely  the  diaphyso-epiphyseal  plane,    Thus^  bocfy-  framework  is  affect- 
ed but  viscera  and  brain  largely  escape  mutilation  both  in  size  and  struc- 
ture o 

Obvious  pathological  changes  in  the  diaphyso-epiphyseal  plane  are  not  evi"= 
dent  until  the  animal  is  two  years  old  or  more.  The  pathological  features 
are: 

a«    Irregular  exuberances  on  the  shaft  and  resembling  ossified 
"proud  flesh" 

bo    Intumed^  clawed^  trachoma-like  epiphyseal  margins 
Co    A  small^  poorly  modelledj  ill-fitting  epiphysis  scarcely  cover- 
ing the  shaft  end 

In  the  skull^,  the  disturbance  of  developmental  growth  is  most  marked  in 
the  pre-maxilla  and  maxilla  but  also  affects  other  parts  of  the  faceo 
Tooth  development  is  slowed  down,  eruption  of  permanent  teeth  (except 
first  molar)  is  delayedc    Teeth  are  neither  reduced  in  size  nor  mutilatedo 
The  growth  of  the  mandible j,  uncompensated  by  similar  growth  in  the  upper 
jaw^  causes  protrusion  of  the  incisors  beyond  the  upper  lip. 

Modification  of  skull  pattern  is  to  be  sought  in  local  defect  of  growth 
rather  than  in  general  measurements  or  in  cephalic  indexo 

In  another  study  with  thyroidectomized  sheep^  skull  differences  were  care- 
fully noted  (135)0    Dwarfed  skulls  were  foreshortened  and  disproportionately 
wideo    The  nasal  and  frontal  bones  were  more  retarded  in  growth  than  the 
parietal  and  occipital »    Delayed  dentition  was  observed.    Ankylosis  of  the 
basisphenoid  and  basioccipital  was  very  slow  in  comparison  to  normal, 

£§EMiiS..Jj^§^»    Controls  1^9  08  -  $lol 
.  cThyfoidectomized  5l<.8  -  $3<,h 

Goats  were  thyroidectomized  when  5  to  2k  days  old  (l85)o    By  the  end  of 
the  second  week  the  kids  acquired  a  dull^  sleepy  appearance,  usually 
stood  in  a  relaxed  position,  and  had  a  diminished  appetite 0    By  the  end 
of  the  second  month  there  was  a  shortening  and  thickening  of  the  body  and 
an  enlargement  of  the  paunch.    Growth  of  the  muzzle  and  jaw  bones  lagged 
behind  that  of  the  upper  portions  of  the  head  with  the  result  that  an 
extremely  dish-faced  appearance  developed o 

A  summaiy  of  the  effects  of  thyroidectomy  on  the  skull  has  been  presented 
(230)0    It  was  reported  that  a  technique  dependent  upon  dimensional  meas= 
urement  does  not  give  adequate  realization  of  the  resultant  disturbancoc, 
firsts  because  we  are  dealing  with  growth^  which  is  not  static  but  pro- 
gressive, and,  secondly^  because  the  growth  disturbances  are  not  uniform. 
We  do  not  know  how  diet  may  have  modified  the  aberrant  course  of  growth. 

There  is  no  defect  in  tooth  formation^  although  there  is  a  delay  in  tooth 
eruption o    Dental  age  as  measured  by  tooth  eruption  is  a  good  measure  of 
thyroid  disturbance.    Defective  growth  in  the  lower  f rontal-lachryional- 
molar  area  means  that  the  upper  jaw  is  never  thrust  downward  to  the  degree 
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seen  in  normal  growth.     The  net  result  is  a  cramped,  ill-developed  snout, 
a  "juvenile"  steep  forehead  and  an  up-curving  of  the  hard  palate. 

There  is  no  defect  in  the  growth  of  the  brain-case  proper  or  of  the  orbit 
and  very  little  in  the  hafting  zone  (deeper  orbit  and  palate -sterygoid ) , 
The  occipital  area  undergoes  some  superficial  defect  secondary  to  the 
facial  deformity.     There  is  no  demonstrable  defect  in  mandibular  growth. 
Defective  grov-rth  does  not  follow  any  rigid  pattern  or  time  schedule. 

Another  summary  reports  a  prepotent  factor  in  the  determination  of  skull 
shape  (59) o    Normal  growth  tendencies  in  the  basal  bones  of  the  skull  are 
in  the  direction  of  increased  length  relative  to  width  as  age  advances » 
Brachycephaly  is  characteristic  for  young  animals  and  as  age  advances  the 
skulls  become  more  and  more  dolicocephalic o    The  picture  presented  by 
these  basal  bones  of  cretin  skulls  is  then  in  the  direction  of  retarded 
growtho    This  is  probably  the  primary  factor,  but  that  it  is  not  the  only 
one  would  seem  to  be  shown  by  the  fact  that  when  cretin  and  normal  animals 
of  approximately  the  same  size  are  compared,  the  basal  bones  of  the  former 
are  not  only  as  broad  relatively,  but  may  be  actually  broader o 

A  second  fact  which  seems  to  indicate  a  disproportionate  growth  following 
thyroidectomy  is  found  in  the  foi*ward  shift  of  the  nasian  and  posterior 
parts  of  the  cranium.    It  would  seem  that  cretins  are  not  merely  small 
animals  in  respect  to  shape  and  size  of  skull  but  the  shift  in  relations 
is  determined  wholly  by  normal  growth  tendencies  being  distorted  by  a  dis- 
turbed development  of  the  basal  cartilage  bones »    Restricted  growth  in 
these  bones,  together  with  a  similar  disturbed  growth  in  the  ethinoid 
bones  which  form  a  rather  irif lexible  base,  cramps  cranial  and  brain  growth 
in  the  anterior-posterior  direction^    In  these  the  normal  potentialities 
seem  to  be  almost  undisturbed  as  is  indicated  by  the  general  development 
of  the  cranial  vault.     This  cramping  results  in  both  lateral  and  posterior 
expansion  of  the  cranium,  the  direction  of  least  resistance,  to  accommodate 
the  relatively  more  rapidly  developing  brain. 

Other  characteristics  commonly  associated  v/ith  brachycephaly  are  shortened 
inferior  and  superior  maxillary  bones,  and  ch-anges  in  shape  and  saddling 
of  the  nose.    These  would  seem  to  be  the  result  of  a  single  cause,  hypo- 
thyroidism. 


THERAPy 

Therapy  is  an  important  consideration  in  an  investigation  of  bovine  dwarf- 
ism.    If  successful  procedures  for  therapy  can  be  determined,  it  will  permit 
investigators  to  grow  out  genetic  dwarfs  to  permit  their  use  in  breeding 
tests.    Because  of  the  small  size  and  general  poor  health  of  the  dwarfs, 
they  are  at  present  difficult  to  use  in  such  tests.    Secondly,  if  a  satis- 
factory therapeutic  material  is  deterrained,  it  is  actually  evidence  of  a 
deficiency  of  that  particular  substance  in  the  affected  animal. 

In  cases  of  clinically  typical  cretinism  in  humans,  thyroid  therapy  has 
been  generally  successful.    Doses  of  1  to  l5  grains  of  desiccated  thyroid 
administered  to  cretinous  infants  resulted  in  marked  physical  improvement 
in  all  cases,  with  development  of  a  normal  appearance  and  acceleration  in 
physical  growth,  particularly  in  the  length  of  legs  (75)  = 

Thyroid  therapy  can  promote  a  normal  condition  in  the  newborn  baby  with 
clinical  cretinism  (112),    In  one  case,  tests  showed  thyroxine  present  in 
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the  plasma  and  gland  that  would  indicate  hyperthyroidism,  although  the 
clinical  symptoms  indicated  hypothyroidism o    Thyroid  therapy  proved 
successful  (106)0 

Withdrawal  of  the  treatment  from  these  children  again  produced  the  char- 
acteristic deficiency  symptoms  and  retarded  growth  (198)o    In  adult  hypo- 
thyroidismj  replacement  therapy  with  thyroid  hormone  usually  results  in 
complete  curec    The  preparation  of  choice  is  desiccated  thyroido  The 
initial  dose  should  be  small  because  many  myxedematous  patients  react  to 
a  rapid  increase  in  metabolism  with  tachycardia^  some  with  nervousness 
and  even  psychosis  (l?5)o 

The  authors  suggest  a  daily  dose  of  |  graino    If  this  proves  ineffective^, 
increase  the  dose  in  steps  of  ^  grain  at  three-week  inteinrals  (81^  175 j 
25)0 

A  general  guide  has  been  prepared  that  shows  the  characteristics  that 
can  be  expected  to  change  during  therapy  in  humans  (229)s  Table  12 „ 

Cretins,  if  treated^  are  not  predestined  to  a  fixed  low  mental  age*  A 
small  proportion  of  them  develop  normally.    However^  even  with  treatment ^ 
most  of  the  children  remain  severely  retarded^  having  an  intelligence 
quotient  below  70  (27)=.    In  adults^  treatment  of  m30cedema  in  the  last 
stages  is  ineffective  (130) o    Thyroid  therapy  has  proved  successful  in 
curing  sterility  (129)  and  treating  hay  fever  and  asthma  (2014.)  <- 

There  are  cases  of  apparent  t^othyroidism  that  show  a  marked  sensitivity 
to  oral  thyroid  medication o    It  has  been  reported  that  the  administration 
of  ACTH  increases  the  tolerance  to  thyroid  (2l6j  217) »    These  investigators 
reported  some  clinical  improvement  with  ACTH  or  cortisone  alone  (2l6)o 
Normal  growth  was  produced  in  lit  of  18  patients  with  5cc  of  pituitarj 
extract  given  intramuscularly  two  times  a  week,  plus  full  tolerant  dose  of 
desiccated  thyroid  (196)0    This  does  seem  odd  since  the  presence  of  circu- 
lating ti^roxine  definitely  interferes  with  the  response  of  the  thyroid 
to  injected  thyrotropic  hormones  (hi)  <> 

TABLE  12 0 "-Expected  response  to  thyroid  therapy  in  human  hypothyroidism 
(229)0 


Time  after  thyroid  therapy  started 
Change  noted  Aveo  (weeks)  Range  (weeks) 


lo 

Body  weight  loss 

"^1 

-  7 

2, 

Increased  physical  activity 

t 

-  11 

3o 

Drop  in  serum  cholesterol 

3I 

1 

-  6 

i+o 

Increased  appetite 

k 

1 

-  11 

Loss  of  constipation 

5* 

1 

=  11 

6. 

Increased  grcMth  rate 

8 

3 

=  16 

7o 

Disappearance  of  skin  dryness  and 

coarseness 

10 

h 

-  20 

80 

Loss  of  mptedematous  appearance 

11 

6 

-  20 
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The  growth  rate  of  rats  completely  thyroidectomized  at  birth  was  stimu- 
lated by  a  purified  preparation  of  anterior  pituitary  growth  hormone  (200). 

ao    Body  weight  doubled  in  22  days 

b.  Skeletal  size  increased  at  an  accelerated  rate 

c.  No  acceleration  was  observed  in  the  appearance  of  secondary 
ossification  centers 

Goats,  thyroidectomized  5  to  2i|  days  after  birth,  developed  t3rpical  cretin 
symptoms.    These  animals  were  administered  ,03  gram  to  1  gram  of  thyro- 
protein  daily  in  a  gelatine  capsule.    The  oral  administration  of  this 
artificial  thyroprotein,  produced  by  the  iodination  of  skim  milk  proteins, 
arrested  the  development  of  cretinism  and  stimulated  growth  approaching 
that  of  normal  (18^). 

Thyroid  tissue  from  a  twelve-week  fetus  was  transplanted  to  the  rectus 
muscle  of  a  6U-year-old  female  with  myxedema.    Four  weeks  later  no  evi- 
dence of  function  was  found  with  I  (30). 

Thyroxine,  which  promotes  the  growth  of  thyroidectomized  animals,  does 
not  have  this  effect  when  administered  to  thyroidectomized-hypophysectom- 
ized  animals  (68). 

When  thyroid  was  administered  to  hypophysectomized  animals,  there  was  no 
stimulation  of  growth:  when  thyroid  and  anterior  pituitary  growth  extracts 
were  given  concurrently,  the  growth  response  exceeded  that  obtained  when 
pituitary  extract  was  given  alone  (197). 

In  the  hereditary  pituitary  dwarf  mice,  injection  of  anterior  pituitary 
fractions  caused  a  30  percent  gain  in  body  weight  in  30  days  (9),  Ther- 
apy for  hypopituitarism  is  also  listed  as  thyroid  in  conjunction  with  a 
high  protein,  high  carbohydrate  diet  (132). 

A  method  of  assay  for  clinical  study  of  thyrotropic  substance  has  been 
presented  (l8l).    The  increased  height  of  the  acinar  epithelium  of  the 
guinea  pig  thyroid  induced  by  thyrotropic  substance  may  be  found  by 
direct  micrometer  measurements  and  the  hyperplasia  throughout  the  gland 
may  be  represented  by  a  frequency  curve  derived  from  these  measurements. 

There  apparently  is  agreement  that  nothing  can  be  done  for  the  Mongolian 
idiot  (175). 

DISCUSSION 

Dominant  achondroplasia  has  been  reported  in  humans,  cattle,  poultiy  and 
small  animals  {7k)  167 )<>    The  possibility  of  two  independent,  complement- 
ary, dominant  genes  being  involved  has  also  been  considered  (103).  In 
humans,  there  are  examples  of  familial  cretinism  which  do  not  seem  to 
follow  a  single  established  hereditary  pattern  (133),    Sporadic  goiter, 
which  is  closely  associate^'  with  familial  cretinism,  is  apparently  inher- 
ited as  a  single  dominant  (119)  but  is  sex  influenced  in  that  more 
females  are  affected  (119j  l58).    Some  of  the  apparent  discrepancies  to 
this  hereditary  pattern  appear  to  be  due  to  the  fact  that  this  condition 
may  lie  latent  in  an  individual  living  in  a  sheltered  environment,  but 
will  develop  under  stress  of  anxiety  or  fear  (182), 
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The  Shorthorn,  Angus  and  Hereford  dwarfs  which  have  appeared  in  increas- 
ing frequency  during  the  past  few  years  are  genetically  recessive  in 
inheritance  (6.  7,  92,  93,  118,  136,  llh.)^  although  it  has  been  suggested 
that  more  than  one  type  of  dwarfism  is  involved  within  each  of  these 
breeds  (92,,  93  )o 

In  such  a  trait  as  dwarfism,  the  gene  cannot  produce  tne  trait  without 
the  cooperation  of  many  other  geneso    A  gene  is  one  factor  in  a  very  com- 
plex chemical  equation„    Just  as  the  introduction  of  the  same  compound 
into  different  chemical  equations  does  not  necessarily  lead  to  the  same 
modification  of  the  result,  so  the  effect  of  a  given  gene  may  differ 
according  to  the  genetic  equation  into  which  it  is  introduced  (9)o 

The  lethality  of  factors  is  always  an  expression  of  their  effect  in  a 
particular  environment «    Modifications  of  this  effect  both  in  a  positive 
direction^  with  the  result  of  lessening  it^  and  in  a  negative  direction^ 
with  the  result  of  making  it  more  deleterious,  may  result  from  changes 
in  the  environment|  to  this  end,  external  means  as  well  as  genie  modi- 
fiers may  be  effective,,    The  dependence  of  the  effect  of  lethal  factors 
upon  t'he  external  and  internal  environment  isj  of  course,  a  feature  of 
the  action  of  genes  in  general,  none  of  which  produce  their  effects  in 
vacuo  but  all  of  which  are  highly  dependent  for  their  expression  on  the 
rest  of  the  total  genotynpe  as  well  as  the  environmental  conditions  in 
which  they  find  themselves o    If  we  speak  of  "lethal"  factors,  we  must 
always  keep  in  mind  that  such  factors  may  lose  their  lethal  character, 
or  at  least  modify  it,  in  an  environment  different  from  that  in  which  it 
was  found  originally  (79) c 

Among  endocrine  disorders  causing  dwarfism,  hypothyroidism  is  probably 
the  most  common  (2li2). 

The  thyroid  is  more  concerned  with  the  process  of  embryonal  unfolding 
than  of  growth  (955  205,  225) o    Since  the  functions  and  characteristic 
relationships  of  tiiyroid  and  hypophysis  are  established  simultaneously 
with  histological  differentiation  of  the  glands,  the  function  of  endc™ 
crine  glands  during  fetal  life  is  insignificant  only  under  optimal  envi- 
ronmental conditions  in  which  the  fetal  organism  develops o    As  soon  as 
deviation  from  the  optimum  occurs,  the  endocrine  system  can  be  mobilized 
as  one  of  the  most  important  regulators  of  vital  functions  in  the  organ= 
ism  (70,  225) o 

If  the  thyroid  deficiency  occurs  during  prenatal  development,  the  symp- 
toms of  cretinism  are  manifest  relatively  early  in  the  life  of  the  iridi- 
vidualo    However,  even  within  the  same  family,  the  age  at  onset  of  cretin=- 
ism  can  vary  from  a  few  weeks  of  age  to  puberty  (133) o    If  the  achondro^ 
plastic  syndrome  starts  at  an  early  period  of  intra-uterine  life,  the 
dystrophy  m.ay  be  so  severe  that  the  fetus  dies  (ll5)o 

It  has  been  recognized  that  3:]ypo  thyroid  ism  may  exist  in  utero,  may  develop 
in  infancy,  in  childhood,  or  in  adult  life  (l55)o    Cretinism  is  often  not 
noticeable  until  the  sixth  or  seventh  month  (82,  206)  or  even  the  first 
few  years  of  life  (2ij.O),    The  thyroid  defect  is  actually  congenital,  but 
may  remain  latent  pending  its  manifestations  through  the  impulse  of  some 
circumstance  (l50)  o    A  child  may  be  bom  apparently  normal  and  function 
normally  until  he  is  attacked  by  some  acute  infectious  disease  or  other 
condition  which  affects  the  thyroid  glando    It  seems  in  these  cases  that 
durijig  the  acute  attack  there  is  a  call  for  thyroid  on  the  part  of  the 


body  which  depletes  the  reserve  and  permits  the  manifestations  of  the 
deficiency  (83)0    If  thyroid  deficiency  does  not  occur  until  in  later 
childhoodj  the  individual  will  have  attained  such  growth  that  he  can-= 
not  be  classified  as  a  dwarf  (2iiO)o    The  symptomatology^  physical  changes 
and  other  abnormalities  characteristic  of  hypothyroidism  depend  upon  the 
degree  of  thyroid  deficiency  and  upon  the  age  of  the  child  when  the  dis- 
turbance commenced  (82)o    Since  the  thyroid  hormone  plays  a  role  in 
growth  and  maturation,  the  effect  of  a  lack  of  it  during  the  growth  per- 
iod will  be  different  and  more  devastating  than  during  a  time  of  life 
when  full  maturity  and  growth  have  been  attained  (l55)o    When  severe 
thyroid  deficiency  has  existed  over  a  considerable  span  of  time  during 
the  early  years  of  growth,  it  gives  rise  to  the  classical  clinical  pic- 
ture described  as  cretinism  {2kO) o    The  differentiation  of  complete 
cretinism^  partial  cretinism,  infantile  myxedema,  and  juvenile  myxedema 
is  hard  to  make  (81) „    Hypothyroidism  has  a  gradual  and  insidious  onset 
and  is  affected  by  the  maternal  hormone  absorbed  in  utero  and  sources  of 
hormone  in  milk  and  f oodo 

The  diagnosis  of  a  genetic  predisposition  to  Ir/po thyroid  ism  in  young 
animals  is  very  important o    There  is  ample  evidence  to  indicate  that 
genetic  dwarfs  in  cattle  may  actually  be  normal  at  birth  and  even  for  a 
considerable  period  during  their  life.    Studies  of  these  animals  has 
indicated  a  relative  and  progressive^  rather  than  an  absolute^  insuffi- 
ciency of  the  thyroid  hormone o 

Syn^toms  due  to  loss  of  thyrotropic  function  cannot  always  be  readily 
extracted  from  the  composite  picture  on  a  purely  clinical  basis  (175) o 
The  tlr^rotropic  hormone  secreted  by  the  anterior  pituitary  gland  is 
essential  for  the  normal  anatomy  and  physiology  of  the  thyroid..  The 
interrelationship  between  the  two  glands  is  mutual  in  that  the  secretion 
of  the  thyroid  hormone  likewise  influences  the  pituitary  gland^  at  least 
in  respect  to  its  thyrotropic  hormone.    An  excess  of  thyrotropic  hormone 
suppresses  the  output  of  thyrotropic  hormone  from  the  pituitaryj  thereby 
resulting  in  a  diminished  activity  of  the  thyroid  gland  itself  (Ul) o 

Since  clinical  tests  cannot  be  used  as  the  sole  criterion  of  hypof unction 
of  the  endocrine  glands^  general  appearance  of  any  of  the  sjmdrome  char- 
acteristics must  also  be  consideredo    All  of  these  symptoms  are  not 
likely  to  be  found  in  any  one  individual|  however^  they  all  have  been 
identified  as  being  associated  with  hypothyroidisms 

lo  Failure  of  bone  formation  in  cartilage 

2o  Epiphyses  unite  late 

3o  Brachycephalic  skiill 

ho  Dish=faced 

5o  Prognathic  lower  jaw 

60  Macroglossia 

7o  Delayed  tooth  e nation 

80  Coarse,  harsh,  scanty  hair 

9e  Skin  dry  and  scaly 

10c  Prominent  and  bulky  abdomen 

11 o  Susceptible  to  low  temperature 

12 o  Slow,  grunting  respiration 

13 o  Skin  pallid  and  cold 

liio  Mentally  dull^  drowsy 

15 o  Defective  vision 

160  Defective  hearing 

17 o  Constipated 


l8o  Anemic 

19  o  Lovrsred  BMR 

20 „  Hydrocephalus 

21o  Increased  cerebrospinal  fluid  pressure 

22 o  Lumbar  lordosis 

2.3  0  High  serum  cholesterol  levels 

2ho  Elevated  serum  protein  values 

25 r  Reproductive  ability  affected 

260  Abnormally  short  long  bones 

27 o  Generalized  myxedema 

280  Enlargement  of  palatglossal  and  palatopharyngeal  arches 

29 „  Fatty  deposits  in  posterior  triangle  of  the  neck 

The  clinical  methods  that  can  be  used  as  an  aid  in  diagnosis  of  hypothy- 
roidism are  also  inclidedo 

Ic    Radioactive  iodine? 

Since  iodine  is  an  important  constituent  of  the  thyroid  hormone 3  the  deter- 
mination of  iodine  content  of  the  gland  would  appear  to  be  a  measure  of  the 
activity  of  the  glando 

Thyroxine  and  diiodotyrosine  are  the  only  two  compounds  of  iodine  known  to 
exist  in  the  thyroids    About  30  percent  is  in  the  f  onii  of  the  homone  and 
about  70  percent  as  the  iodinated  tyrosine  (97) o 

In  individuals  tfet  are  definitely  cretins,  there  is  often  a  distinct 
deficiency  of  I  „ 
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I       in  doses  of  5  to  10       were  used  to  measure  quantitatively  both 
iodine  uptake  in  the  thyroid  gland  and  urinaiy  excretion  in  25  enthyroid 
children  and  in  5  cretins c    Over  a  96"hour  period  the  thyroid  of  the  nor- 
mal children  took  up  between  8o7  and  29 08  percent  with  the  maximum  between 
2k  and  96  hours o    During  96  hours  their  urinarv  excretion  ranged  from  29 o3 
to  70 06  percent o    Repeated  tests  showed  I-'--^-'^  uptake  in  the  cretins  to  be 
negligible o    It  was  between  1  and  2  percent  and  it  was  not  appreciably 
influenced  by  thyroid  therapy.    The  untreated  cretins  excreted  73o5  to 
92  el;  percent  of  ll31  -jjithin  96  hours^  while  the  same  cretins  when  treated 
excreted  between  35 08  and  81|.o5  percent  in  the  same  length  of  time  (l83)o 

In  athyreotic  cretins^  studies  have  shown  no  uptake  of  radioactive  iodine 
in  the  thyroid  region  (216) o    However,  conflicting  results  have  also  been 
reportedo    In  individuals  that  had  typical  clinical  symptoms  of  hypothy- 
roidism, ra.dioactive  iodine  studies  showed  normal  content  in  plasma  and 
glando    In  fact«,  one  case  showed  hjrperthyroidism  (106) o    Studies  with 
1I3I  after  subtotal  thyroidectomy  showed  hyperthyroidism  (17)o    It  is 
postulated  that  after  surgical  treatment  only  very  small  remnants  of  thy- 
roid gland  tissue  are  left  functioning  and  that  these  remnants  (under 
conditioning  and  perhaps  stimulation)  preserve  the  typical  properties  of 
the  total  gland  in  hyperth3rroidismo    An  essential  feature  of  these  glands 
is  the  rapid  turnover-rate  of  iodine  with  only  a  slight  storage  of  organ- 
ically bound  iodine o    In  a  rather  complete  report  of  radioactive  studies 
in  non-endemic  cretinism  it  was  detemined  that  the  amount  of  protein- 
bound  iodine  in  the  plasma  [i8  hours  after  the  administration  of  radioac- 
tive iodine  gives  more  valuable  information  about  thyroid  function  than 
does  either  the  uptake  of  iodine  by  the  thyroid  gland  or  its  excretion 
by  the  kidneys  (l52)o    These  investigators  conclude  that  the  thyroid 


ijptake  and  plasma  content  of  radioactive  protein-bomd  iodine  in  non- 
endemic  cretinism  add  to  the  anomalous  results  reported  in  other  inves- 
tigations of  thyroid  disorders  by  similar  isotope  techniaues.  They 
emphasize  how  important  it  is  that  no  laboratory  test  should  take  preced- 
ence over  clinical  assessment  of  the  patient.    Most  of  the  amounts  of 
iodine  taken  up  by  the  thyroid  glands  and  some  of  the  amounts  of  protein- 
bound  iodine  found  in  the  plasma  in  these  cases  suggested  hyperthyroidism 
and  might  readily,  without  reference  to  the  clinical  picture,  have  been 
interpreted  as  indicating  thyrotoxicosis.    The  amounts  of  iodine  excreted 
in  the  urine  were  most  consistent  with  the  clinical  stage » 

The  results  of  these  investigations  confirm  other  reports  that  the  thyroid 
glands  of  cretins  with  non-endemic  goiter  are  hjrperactive  and  accumulate 
radioactive  iodine  ministered  orally  more  rapidly  and  to  a  greater  degree 
than  normal  (l52)„    These  investigations  indicate  that  non-endemic  goit- 
rous cretinism  may  be  caused  by  an  inability  of  the  tigroid  gland  to  com- 
plete the  synthesis  of  the  thyroid  hormone , 

2o    Blood  cholesterol  level: 

Cholesterol,  a  sterol  (complex  monohydroxy  alcohol),  is  present  in  all 
animal  cells  and  is  particularly  abundant  in  nervous  tissue.    In  the 
eiythrocytes,  most  of  the  cholesterol  is  in  the  free  state.    In  the  plas- 
ma^  some  20  to  hO  percent  is  in  the  free  state  and  the  rest  in  the  form  of 
an  ester  {91)  o    Blood  cholesterol  determinations  are  not  particularly 
difficult  e 

High  figures  for  cholesterol  are  found  in  hypothyroidism,  such  figures 
being  roughly  in  inverse  ratio  to  the  basal  metabolic  rate,  a  low  meta- 
bolic rate  indicating  relatively  marked  hypercholesterolemia «    This  rela- 
tionship is  considered  by  many  investigators  as  a  good  index  of  the  degree 
of  hypothyroidism  and  is  reported  to  correlate  well  with  BMR  (81,  82^  108) « 
Since  cholesterol  levels  are  affected  by  the  amount  of  circulating  thyrox- 
ine, there  must  be  considerable  care  used  in  the  interpretation  of  f ind- 
ingSo    In  a  study  of  70  patients  with  thyroid  disturbance,  the  following 
points  were  noted  (li4.8)s 

ao    Hyperthyroid  conditions  tend  to  diminish  the  level  of  the  choles- 
terol in  the  blood.    The  lowest  values  are  found  in  extremely 
toxic  patients.     There  is,  however,  no  constant  definite  correla- 
tion between  the  cholesterol  value  and  BMR. 

bo    True  myxedema  is  accompanied  by  a  markedly  elevated  blood  choles- 
terol.   Low  metabolic  rates,  however,  without  clinical  evidence 
of  myxedema,  are  accompanied  by  normal  cholesterol  values, 

c*    Cholesterol  values  are  a  definite  help  in  estimating  the  gravity 
of  hyperthyroidism« 

do     Cholesterol  values  are  important  aids  in  diagnosis  and  prognosis 
and  in  estimation  of  response  to  treatment  in  patients  with 
hyp  ot  hyr  o  idi  sm  o 

If  the  thyroid  disturbance  is  due  to  loss  of  thyrotropic  function,  serum 
cholesterol  values  are  usually  not  proportionately  elevated  as  is  the 
case  in  "prdjnary"  hypothyroidism  (175).    Hypercholesterolemia,  when  not 
explainable  on  any  other  basis,  may  be  considered  as  possibly  of  thyroid 
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origin  and  is  a  rational  indication  for  thyroid  administration o  The 
findiags  of  hyperholesterolemia^  in  the  absence  of  its  few  other  common 
causesj  point    more  specifically  to  thyroid  deficiency  than  do  the  find- 
ings of  a  low  metabolic  rate  (108 )c 

3c    Roentgen  studies; 

In  generalj  these  studies  indicate  no  progressive  development  of  the 
bony  changes  in  hjrpothyroidisma    The  metaphyses  present  a  broad  appear- 
ance  with  definite  thickening.,  premature  ossification,  and  limitation  of 
growtho    The  epirhyses  are  slow  to  appearj  irregular^  and  raoth=-eaten o 
The  interarticular  spaces  are  usually  increased  due  to  the  small  and 
poorly  developed  epiphyses.     The  kyphosis  at  the  base  of  the  skull  is 
due  to  premature  ossification  (ll5)o 

Radiographic  changes  usually  found  in  the  spine  are  fragmentation  and 
wedging  of  the  bodies  of  the  vertebrae o    These  may  occur  in  any  or  all 
sections  of  the  vertebral  column,,    Detailed  studies  have  been  reported 
in  humans  (69^  82^  168^  I895  21k»  21x0^  2kl')s  but  no  similar  results  are 
reported  for  animals o 

ho    Low  body  temperature  (lU5) 

5o    Chronic  hypoglycemia  (21?) 

6e    Eosinophilia  (I68) 

7o    In  individuals  that  show  cretin  symptoms  at  birth,  pathological 
changes  in  the  thyroid  gland  are  characterized  by  an  extensive 
chronic  productive  inflammatory  process  eventuating  in  replacement 
of  the  colloid  vesicles  by  means  of  overgrowth  of  alveolar  epithel- 
iumj  or  by  invasion  and  substitution  of  the  alveoli  by  connective 
tissue  elements  (228), 

80    Decreased  urine  elimination  (129) 

9o    Slight  albuminuria  (129) 
10 o    Increased  spinal  fluid  pressure  (I68,  211^) 
Ho    Anemia  (170) 

12  o    Slow  pulse  (2l;0) 

13  o    F^opia  (162) 

There  are  also  a  nmber  of  negative  clinical  findings  that  have  been 
reported  in  comparing  dwarf  and  normal  individuals  (129): 
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Total  nitrogen 

2. 

Urea  nitrogen 

3c 

Uric  acid  nitrogen 

Ammonia  nitrogen 

5e 

Creatinin  nitrogen 

6» 

Residual  nitrogen 

7c 

Blood  sugar  units 

8. 

Blood  morphology 

9c 

Changes  in  endocrine  glands  inconsistent  and  confusing  (168); 
myxedema  and  cretinoid  stages  may  occur  in  animals  with  typical 
thyroid  hyperp'.Iasia  (Ih^) 

Since  it  has  been  determined  that  dwarf  cattle  are  deficient  in  tt^rro- 
tropic  hormone  (33 it  seems  worthwhile  to  consider  specific  instances 
of  the  complex  interrelationship  of  pituitary  and  thyroid. 

In  the  vertebrates,  a  delicately  balanced  relationship  is  maintained  be- 
tween the  amounts  of  the  thyroid  hormone  produced  and  stored  or  released 
by  the  thyroidj  and  of  the  thyrotropin  produced  and  stored  or  released 

the  pars  anterior  of  the  pituitary.  The  thyroid  hormone  inhibits  the 
production  and  release  of  thyrotropin  and  may  even  inhibit  the  making  of 
further  thyroid  hormone  by  the  thyroid  gland  itself  (1), 

In  hyperthyroidism,  a  very  low  content  of  thyrotropin  is  found  in  blood 
and  urine o  In  hypothyroid  conditions,  a  greater  content  of  thyrotropin 
is  present  in  the  pituitary  and  body  fluids  (1). 

A  very  marked  seasonal  variation  exists  in  the  percentage  of  iodine  pres- 
ent in  the  healthy,  normal-sized  thyroid  gland  of  the  sheep,  beef,  and 
hog.     There  is  in  general  about  three  times  as  much  iodine  present  in 
the  glands  in  the  months  between  June  and  November  as  in  the  months 
between  December  and  May  (202) »     The  bovine  fetal  thyroid  possesses  a 
strong  selective  affinity  for  iodine  and  contains  an  appreciable  amount 
of  iodine  as  early  as  the  third  month  of  intra-uterine  life  (72) »    It  is 
relatively  larger  and  contains  more  iodine  and  phosphorus  per  unit  of 
body  weight  than  the  thyroid  from  mature  animals o 

Hyperplasia  of  the  thyroid  indicates  hyperactivity  but  not  necessarily 
hyperf unction  (lii6).     In  the  bovine,  enlarged  thyroid  glands  (fetal  and 
adult)  contain  less  total  iodine  and  much  more  total  phosphorus  than  nor- 
mal thyroids  (72) »    The  fetuses  possessing  enlarged  thyroid  glands  were 
on  the  average  smaller  than  fetuses  of  the  same  age  with  normal  thyroids. 

A  study  of  the  thyrotropic  hormone  content  of  beef  and  dairy  cattle  pitu- 
itaries  showed  that  lactating,  non-pregnant  dairy  cattle  contained  30 
percent  more,  lactating  and  pregnant  17  percent  more,  and  dry,  non-pregnant 
60  percent  more  hormone  than  the  corresponding  classes  of  beef  cattle 
(233,  Do 

In  pregnant  cows,  the  thyrotropic  content  of  the  pituitaries  is  greatest 
in  early  pregnancy  and  falls  during  late  pregnancy  to  approximately  the 
amount  present  in  the  non-pregnant  animals  (1), 

Some  investigators  believe  that  thyroid  insufficiency  in  the  mother  is 
an  essential  factor  in  the  production  of  cretinism  (l50,  191).    Insuffi — 
cient  maternal  hormone  during  pregnancy  can  produce  neural  defects  in 
the  offspring.    If  sufficient  hormone  is  present  in  the  maternal  milk, 
hypothyroidism  in  the  offspring  does  not  become  manifest  iintil  after 
lactation.    In  the  bovine,  a  thyroid  deficiency  in  the  mother  due  to 
thyroidectomy  was  remedied,  at  least  partially,  during  her  pregnancy 
(213),    Apparently,  there  was  a  diffusion  of  the  thyroid  hormone  from 
the  fetus  to  the  maternal  circulation.    In  only  partly  excised  thyroids 
of  rabbits,  hormone  exhaustion  was  promoted  by  pregnancy  (10)  <, 

A  comparison  of  giant  and  pygmy  rabbits  shows  that  the  relative  weights 
of  the  pituitary,  thyroid,  thymus,  and  adrenals  are  a  constant  proportion 
to  the  total  body  weight  and  may  be  predicted  by  equation  (187). 

Data  on  cases  show  that  the  adrenal  cortex  is  adversely  affected  in  pri- 
mary myxedema  so  that  its  functions  are  depressed,,    Since  this  functional 


depression  has  been  the  b?sis  on  which  the  differentiation  between  pitu- 
itary and  thyroid  myxedema  has  been  made^  it  is  suggested  that  reports 
of  pituitary  myxedema  in  ohe  literature  may  be  erroneous » 

It  is  believed  that  the  myxedematous  changes  incident  to  the  primary 
hypothyr'oidism  involve  the  adrenal,  either  directly  or  secondarily^ 
through  the  pituitary  gland,  or  possibly  by  a  combination  of  both  of 
these  factors  (52). 

It  is  also  postulated  that  dwarfism  in  general  is  the  result  of  insuffic- 
iency of  the  anterior  pituitary  with  fractional  deficiencies  of  hormones 
concerned  with  growth  and  metabolism  (216 )„ 

In  a  study  of  hereditary  hypopituitary  dwarf  mice,  the  following  observa- 
tions were  made  (l60): 

1,    Average  blood  sugar  values  for  fed  hereditary  hypopituitary 
dwarfs  are  slightly,  but  not  significantly,  lower  than  those 
of  fed  normal  mice. 

2e    The  blood  sugar  level  of  fasting  dwarfs  drops  precipitously  to 
a  minimum  of  68  mg  percent  after  96  hours«     In  contrast^  normal 
mice  have  103  mg  percent  after  96  hours  of  fasting, 

3o    Sensitiveness  of  the  dwarf  is  similar  to  that  reported  for  hypo- 
physectomized  animals.    This  severe  hypoglycemia  might  be  attrib- 
uted to  the  adrenal-pituitary  imbalance  in  the  dwarfs 

These  dwarf  mice  can  tolerate  only  3  percent  of  the  dose  of  insulin  that 
produces  comparable  symptoms  in  normal  mice  (l6l). 

The  adult  ruminant  is  resistant  to  the  hypoglycemic  action  of  insulin o 
The  newborn  calf  behaves  in  a  similar  manner  for  the  first  2\x  hoursj  but 
it  then  becomes  very  sensitive  to  insulin.    This  sensitivity  decreases 
when  the  animal  becomes  about  30  days  old  (8)o 

There  are  a  number  of  factors  which  modify  thyroid  and  pituitary  activity. 
Those  factors  which  could  be  involved  in  the  manifestations  of  the  bovine 
are  discussed o 

1«    Lack  of  vitamin  A  leads  to  increased  thyroid  activity  and 
increased  thyrotropic  potency  of  the  pituitary  gland  (1) . 
The  thyroid  helps  regulate  the  conversion  of  carotene  to 
vitamin  A  ( 1^6 ) , 

Cystic  pituitary  glands  have  been  found  in  young  beef  and 
dairy  cattle  either  suffering  from  vitamin  A  deficiency  or 
with  a  history  of  early  severe  vitamin  A  depletiono  No 
evidence  of  repair  in  a  cystic  pituitary  was  f oimd  in  an 
animal  that  was  vitamin  A  deficient  early  in  life  but  later 
fed  adequate  amounts  of  carotene,  suggesting  that  the  injury 
of  the  gls.nd  may  be  permanent  (l[i3)» 

Does  were  deprived  of  vitamin  A  II4.  week-^  before  mating^ 
Many  of  the  young  rabbits  aged  from  2  to  8  weeks  showed 
nervous  disorders  caused  by  hydrocephaluo  (l57)o    The  hydro- 
cephalic condition  was  caused  by  stenosis  of  the  cerebral 
aqueduct.    Paralysis  and  constriction  of  the  optic  nerve 
were  secondary  effects «, 
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Thyroid  helps  regulate  conversion  of  carotene  to  vitamin  Ac  In 
view  of  the  importance  of  vitamin  A  for  the  maintenance  of 
pregnancy,  the  possibility  must  be  considered  that  a  hypothyroid 
state,  combined  with  a  low  intake  of  vitamin  A,  could  result  in 
abortion  or  dead  or  weak  offspring  (l56), 

2.    The  morphology  of  the  thyroid  gland  is  affected  by  environmental 
temperature.     If  rats  are  exposed  to  temperatures  ranging  from 
12°  C  to  17°  C  for  more  than  three  days,  hypertrophy  of  the 
acinar  cells  of  the  thyroid  occurs  (2l5).     If  iodine  is  admin- 
istered to  the  rats,  it  limits  hypertrophy  but  does  not  prevent 
it.    The  hypertrophy  is  probably  caused  by  a  depletion  of  colloid 
during  the  first  few  days  of  cold.    Besides  an  environmental 
effect,  there  is  also  a  seasonal  variation  (high  in  winter,  low 
in  summer)  which  apparently  cannot  be  correlated  with  environ- 
mental temperature  (16)»    It  has  also  been  suggested  that  the 
degeneration  in  size  and  fertility  of  successive  generations  of 
European  cattle  bred  under  the  hot  conditions  of  the  tropics  is 
due  to  the  effects  of  the  high  air  temperatures  causing  increased 
body  temperature  and  inhibition  of  the  development  of  the  anter- 
ior pituitary  gland  in  the  young  animal  (96). 

3»    Goitrogenic  foods  (cabbage,  soy  beans,  etc)  when  fed  to  animals 
cause  a  hyperplastic  though  hypof unctioning  thyroid  (l)o  Plants 
of  the  family  Brassicaceae  appear  to  be  outstanding  in  this 
respect,  although  many  foods  have  not  yet  been  tested  (156) » 
Oestrogenic  substances  have  been  reported  in  clovei  and  from  the 
female  flowers  of  the  willow  (20?) » 

U.    The  distribution  of  endemic  goiter  in  England  and  India  is 

related  to  the  geological  distribution  of  flourine  {2k.h)  *  Flour- 
ine  in  drinking  water  is  one  factor  in  the  causation  of  endemic 
goiter. 

5.  Adult  rats  kept  under  hygienic  conditions  and  fed  a  high  pro- 
tein diet  developed  hyperplasia  of  the  thyroid  gland  (31).  Rats 
kept  under  unhygienic  conditions  developed  hyperplasia  of  the 
thyroid  if  given  a  standard  diet  of  bread  and  milk. 

6.  Potassium  cyanide  inhibits  the  ability  of  the  thyroid  gland  to 
-  take  up  and  store  potassium  iodide  (lit?)-. 

7.  Diets  rich  in  proteins  and  fats  increase  the  rate  of  discharge 
of  thyroxine  and  thyroid  activity  is  more  necessary  in  the  oxi- 
dation of  fats  and  proteins  than  of  carbohydrates o 

8.  Manganese  apparently  has  a  direct  effect  on  embryonic  growtho 
Injection  of  manganese  directly  into  albumen  of  egg  increased 
hatchability  and  leg  length  (lUO) »    Rats  fed  cows'  milk  had  a 
high  percentage  of  deaths  of  ycung  animals  due  to  congenital 
debility  (ii8).    Analysis  showed  the  diet  was  deficient  in  man- 
ganese o 

9.  Comparable  cell  changes  were  found  in  the  central  nervous  system 
in  cretinism,  parathyroid  tetany,  and  fatigue  (58),    All  cases 
had  somewhat  variable  chromatolysis .    No  marked  variations  in 
the  nature  and  course  of  the  affection  were  found  to  follow 
these  conditions  so  strikingly  opposite  in  character.  Cellular 
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alterations  representative  of  steps  in  the  course  of  the  reac- 
tion were  readily  recognized.,    The  severity  of  the  visible 
symptoms  (tetany^  cretinisiUj  and  exhaustion)  was  the  constant 
guide  in  selecting  these  typeso 

lOo    In  ringdoves^  thyroid  size  was  shown  to  be  influenced  by  many 
external  and  internal  conditions^  including  altitudej  diet^ 
season^  state  of  nutrition^  unsanitary  surroundings 5,  iodine 
intake,  age,  intestinal  flora,  oth^er  endocrine s,  disease^,  and 
by  sexual  and  physic  states  (7i|)o 

llo    In  a  study  with  rabbits^,  a  correlation  was  found  between  racial 
size  and  total  glutathione  (88)0    There  was  no  correlation 
between  size  and  glutathione  between  rabbits  within  a  racej, 
but,  other  conditions  being  equalj  the  concentration  of  gluta- 
thione in  the  young  measures  the  inherent  capacity  of  a  race 
for  body  size, 

12 o    Muscle  development  in  beef  breeds  is  somewhat  more  accelerated 
than  in  dairy  breeds  during  fetal  development,  while  the  rate 
of  linear  skeletal  development  of  beef  and  daiiy  breeds  is 
about  the  same  (87)0 

13 o    Pregnant  rabbits  were  injected  with  thyrotropic  hormone o  In 
every  case  the  gestation  was  interrupted,  either  by  abortion 
or  the  death  of  the  fetuses «    The  thyroid  of  the  maternal 
animal  was  in  a  state  of  hyperplasia  that  was  more  marked  than 
the  normal  hyperactivity  of  pregnancy.     The  thyrotropic  hor- 
mone causes  interruption  of  gestation  by  stimulation  of  the 
thyroid  gland  (239) » 

liio    Desiccated  thyroid  is  effective  in  the  therapy  of  cretinism 
(75s  106,  112,  198)0    In  young  children  it  is  recommended 
that  therapy  start  with  a  daily  dose  of  one-half  grain  and 
that  the  dosage  be  increased  one-half  grain  at  three-week 
intervals  o 

15 o    ThQrroidectomized  goats  administered  1  grmo  of  thyroprotein 

daily  showed  an  arrested  development  of  cretinism  and  stimu- 
lated growth  approaching  normal  (185). 

Although  the  identification  of  dwarfism  transmitters  has  been  emphasized 
in  the  study  of  bovine  dwarfism,  it  has  not  been  particularly  stressed 
in  the  prior  research  with  laboratory  animals.    In  dwarfism  in  poultry c, 
a  few  of  the  "carriers"  of  dwarfism  could  be  identified  by  appearance 
prior  to  breeding  test  while  others  could  not  be  identified  without  the 
progeny  test  (lii.95  23i|,  235) «     In  a  study  of  dwarf  rabbits,  it  was  noted 
that  a  majority  of  the  female  transmitters  became  overfat  at  maturity 
and,  unless  they  were  bred  at  frequent  intervals^,  the  fat  in  normal 
regions  accumulated  to  an  abnormal  extent.    Large  deposits  of  fat  were 
also  found  in  abnormal  depots,  particularly  in  the  anterior  triangle  of 
the  neck  and  about  the  shoulder  girdle  (85)=    In  humans,  the  individuals 
with  a  predisposition  for  hypothyroidism  were  described  as  rather  squat^ 
dumpy,  thick-necked  and  potbelliedo     Obesity  is  common  (155)°     It  has 
also  been  noted  that  families  of  dwarfs  are  generally  short  of  stature 
(196). 
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Selection  for  small  size  in  mice  has  shown  that  the  frequency  of  a  dwarf 
gene  was  greatly  increased  in  this  strain.    This  was  not  true  in  lines 
selected  for  medium  or  large  sizeo     It  appeared  that  the  heterozygous 
individuals  were  enough  smaller  on  the  average  than  homozygous  normals 
to  have  approximately  twice  the  chance  of  being  selected  for  breeding 
purposes  and  producing  offspring  (13iij  236)  „    A  similar  situation  has 
been  postulated  to  accomt  for  the  increased  frequency  of  the  dwarf  gene 
in  beef  cattle  (93) « 

The  head  contour  has  been  studied  as  a  means  of  identifying  mature  homed 
Hereford  cattle  heterozygous  for  the  dwarf  gene  (93) e    Normal  growth  ten- 
dencies in  the  basal  bones  of  the  skull  are  in  the  direction  of  increased 
length  relative  to  width  as  age  advances,,    Brachycephaly  is  character- 
istic for  jovmg  animals  and  as  age  advances  the  skull  becomes  more  and 
more  dolicephalicc    The  picture  presented  by  the  nasal  bones  of  cretin 
skulls  is  in  the  direction  of  retarded  growth.    This  is  probably  the 
primary  factor^  but  that  is  not  the  only  one  since  cretin  skulls  are 
often  broader  than  normal  skulls  of  the  same  size  (59) . 

There  is  also  a  forward  shift  of  the  nasion  and  posterior  parts  of  the 
cranium.    Restricted  growth  in  cartilage  bones,  together  with  a  similar 
disturbed  growth  in  the  ethnoid  bones  which  form  a  rather  inflexible 
base,  cramp  cranial  and  brain  growth  in  the  anterior-posterior  direction. 
In  these,  the  normal  potentialities  seem  to  be  almost  undisturbed  as  is 
indicated  by  the  general  development  of  the  cranial  vault.    This  cramp- 
ing results  in  both  lateral  and  posterior  expansion  of  the  cranium,  the 
direction  of  least  resistance,  to  accommodate  the  relatively  more  develop- 
ing brain. 

Other  characteristics  commonly  associated  with  brachycephaly  are  short- 
ened inferior  and  superior  maxillary  bones,  and  change  in  shape  and 
saddling  of  the  nose« 

The  skull  is  affected  in  heterozygous  Heref ords  as  shown  by  the  median 
profile  and  head  measurements  (93).    Based  on  the  observations  of  thyroid- 
ectomized  animals  and  the  characteristics  of  adult  myxedema^  there  do 
appear  to  be  other  factors  which  should  be  considered  in  the  identifica- 
tion of  dwarfism  transmitters  in  beef  cattle. 


lo 

Shortened  and  thickened  long  bones 

2. 

Asymmetrical  skull 

3. 

Prognathic  lower  jaw 

h. 

Below  normal  size 

5, 

Impaired  hearing 

6, 

Dry,  coarse,  and  brittle  hair 

7c 

Epiphyseal  dysplasia,,  lesions  due  to  failure  of  bone 

formation 

in  cartilage 

8. 

Normocytic,  normo-  or  hypochromic  anemia 

9o 

Constipation 

10. 

Above  normal  serum  cholesterol 

11  0 

Above  normal  serum  carotene 

12, 

Above  normal  serum  protein 

13c 

Above  normal  cerebrospinal  fluid  pressure 

lU. 

Hypersensitive  to  cold 

15  o 

Insulin  sensitivity 

16. 

Impaired  vision,  including  cataracts  of  the  lens  and 

structural  var- 

iations  of  the  iris 

17, 

Fat  deposition  in  the  anterior  triangle  of  the  neck 

18c,  Delayed  tooth  eruption  and  development 

19  o  Brachycephilia 

20 o  Papilledema 

21 „  Below  normal  BMR 

22 o  Decreased  fertility^  including  abortion  and  stillbirths 

Progeny  tests  with  beef  cattle  usually  require  a  combination  of  several 
mating  systems »  A  method  for  combining  the  results  of  different  mating 
systems  encoiintered  in  animal  breeding  has  been  reported  (lli)o 

I,    Mating  to  recessive  typer 

Paa  =         1   n 

iMi) 

Paa  =  probability  of  homozygosity » 

n  =  number  of  offsprings    Offspring  may  be  from,  a  single 
female  or  a  number  of  females,. 

IIo    Mating  to  heterozygous  females? 

Paa  =         1  n 
1  +  OA)' 

Offspring  may  be  from  a  single  female  or  a  number  of  females, 
irEo    Matings  to  daughters  of  heterozygotesr 
Paa  =         1  n 

Only  a  single  offspring  from  a  single  female o 

IV o    Mating  to  full  sisters: 

Paa  =         1    n 

1+2 

A  single  offspring  from  each  full  sister, 

Yo    Matings  to  paternal  half  sisters r    Same  formula  as  for  matings  to 
daughter  of  heterozygotes« 

VIo  Mating  to  daughters?  Same  formula  as  for  matings  to  daughters  of 
heterozygotBo  If  the  male  is  tested  by  different  mating  methodSj 
the  results  can  be  combined  by  combining  the  n-valueso 

The  conversion  factor  of  n  for  calculating  all  observations  on  the 
basis  of  P  =  7/8  is  givenr 

Values  of  P 


1/2         3/k        5/6  7/8 
Conversion  factor  of  n  » , ,  o » o  „  „  o .  c  <,  <, » o  o «  5«19       2<,l5       lo37  loOO 
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GLOSSARY 

ABDUCT.    To  move  away  from  the  axis  of  the  body  or  of  one  of  its  parts, 

ABLATION.    The  removal  of  a  part  of  the  body,  as  by  amputation,  or  of  any 
growth  or  noxious  substance « 

ACHONDROPLASIA.    A  disturbance  in  the  normal  process  of  ossification  in 
cartilage,  dating  from  intra-uterine  life,  resulting  in  arrested 
growth  of  the  long  bones  and  a  condition  of  stocky  dwarf ism^  the 
head  is  large  and  abdomen  prominent.    The  extremeties  are  dispropor- 
tionately short  in  comparison  with  the  torso o 

ACINOUS.    Resembling  a  bunch  of  grapes;  noting  certain  glands  the  excret- 
ory ducts  of  which  start  from  little  sacs  arranged  in  clusters  like 
grape So 

ACROCEPHALY,    Having  a  high  or  peaked  head„ 

ADENOMATOSIS.    A  condition  marked  by  the  formation  of  multiple  glandular 
overgrowths, 

AGENESIS.    Absences  or  imperfect  development  of  any  part. 

AMAUROSIS.    A  total  loss  of  vision  without  discoverable  lesion  in  the 
eye  structures  or  optic  nerve. 

AMENTIAo    A  form  of  confusional  insanity  marked  especially  by  apathy, 
disorientation,  and  more  or  less  stupor. 

ANKYLOSIS.    Stiffening  or  fixation  of  a  joint. 

ANTITHENAR.    Hypothenar,     The  fleshy  mass  at  the  inner  (little  finger) 
side  of  the  palm, 

ANTRUM.     (1)  Any  nearly  closed  cavity,  particularly  one  with  bony  walls, 
(2)  The  pyloric  end  of  the  stomach  partially  shut  off,  during  diges- 
tion- from  the  cardiac  end  by  the  prepyloric  sphincter, 

APLASIA,    Congenital  absence  of  an  organ  or  any  part, 

ARHINENCEPHLIA .  An  absence  or  rudimentary  state  of  the  rhinencephalon, 
or  olfactory  lobe,  on  one  or  both  sides,  with  a  corresponding  lack 
of  development  of  the  external  olfactory  organ, 

ATAXIA.    A  loss  of  the  power  of  muscular  coordination. 

ATELIOSIS.     Incomplete  development  of  the  mind  or  the  body  or  any  of  its 
parts;  infantilism, 

ATHYREA.    Absence  of  the  thyroid  gland,  or  deficiency  of  the  thyroid 
secretion « 

ATRESIA.    Congenital  absence  or  pathological  closure  of  a  normal  opening 
or  passage. 


BIFIDc     Split  or  cleft;  separated  into  two  parts. 
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BOMOSEo    Convex  rounded  surface., 

BRACHYCEPHALYo    Having  a  disproportionately  short  head. 
BRADYCARDIA o    Abnormal  slowness  of  the  heart  beat, 

CACHEXIA.    A  general  lack  of  nutrition  and  wasting  occurring  in  the  course 
of  a  chronic  disease „ 

CANTHUSo    Either  extremity  of  the  rima  palpebrarum  or  slit  between  the  eye- 
lids, 

CEBROCEPHALUSo    A  monster  with  features  like  those  of  a  monkey^  slightly 
marked  or  absent  nose  and  close-set  eyes, 

CELIAC  disease »    Intestinal  infantilism,    A  condition  seen  chiefly  in 

young  children,  marked  by  the  passage  of  large,  whitish,  frothy^  and 
offensive  stools,  containing  quantities  of  unsplit  fat,, 

CEREBROSPINAL,    Relating  to  the  brain  and  the  spinal  cord, 

CHOLESTEROLEMIA »    Presence  of  cholestrin  in  the  bloodo 

CHONDRODYSPLASIA,     (see  ACHONDROPLASIA) o 

CHONDRODYSTROPHIA.     (see  ACHONDROPLASIA) o 

CHONDRODYSTROPHY.     (see  ACHONDROPLASIA) « 

CHOREA.    A  disorder,  usually  of  childhood,  characterized  by  irregularj 
spasmodic,  involuntary  movements  of  the  limbs  or  facial  muscles, 

CRETINo    An  idiotic  dwarf,  the  subject  of  congenital  myxedema^  occurring 
both  sporadically  and  endemically„ 

CRIBRIFORM.    Sieve-like|  containing  many  perforations, 

CYANOSISo    A  dark  bluish  or  purplish  coloration  of  the  skin  and  mucous  mem- 
brane due  to  deficient  oxygenation  of  the  blood. 

CYSTo    An  abnormal  sac  containing  gas,  fluidj  or  a  semi-solid  material, 
DEBILITY,  Weakness, 

DIASTEMA «     (1)  An  interval  between  two  teeth,     (2)  The  angle  formed  by  the 
lingual  sxirface  of  the  upper  canine  or  cuspid  tooth  and  the  proximal 
or  anterior  surface  of  the  premolar, 

DIPLEGIA,    Paralysis  of  corresponding  parts  on  both  sides  of  the  body, 

DOLICHOCEPHALIC,    Having  a  disproportionately  long  head. 

DROPSY,    Hydropsi  an  excessive  accumulation  of  clear,  wateiy  fluid  in  any 
of  the  tissues  or  cavities  of  the  body. 
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DYSGEMESIS.  Sterility. 

DYSPLASIA.    Abnormal  tissue  development. 

DYSTOCIA o    Difficult  parturition. 


ECT0I4Yo    Operative  removal  of  any  organ  or  gland. 

ENDEMIC.     (1)  Present  in  a  community,  noting  specifically  a  disease 
which  prevails  more  or  less  continuously  in  a  given  region, 
(2)  The  constant  prevalence  of  a  disease  in  a  community,  as  dis- 
tinguished from  an  epidemic. 

ENDOCHONDRAL.    Within  a  cartilage  or  cartilaginous  tissue. 

EPICANTHUS.    A  fold  of  skin  extending  from  the  root  of  the  nose  to  the 
inner  termination  of  the  eyebrow,  overlapping  the  inner  canthus. 

EPIPHYSIS.  A  part  of  the  long  bone  developed  from  a  center  of  ossifica- 
tion distinct  from  the  shaft  and  separated  at  first  from  the  latter 
by  a  layer  of  cartilage, 

ETIOLOGY.     The  causes  of  disease. 

EXOPHTHALMT A .    A  prominence  of  the  eyeball. 

EXTIRPATIONc    The  entire  removal  of  an  organ  or  part  or  of  a  pathological 
structure , 


FURFURACEOUS.    Branny,  scaly,  scurfy. 


GARGOYLISM.    Chondrodystrophy,  congenital  corneal  opacities,  hepato- 
splenomegaly,  and  mental  deficiency, 

GRAVES'  DISEASE o    ExophthaLTiic  goiter. 


HEPATOSPLENOfffiGALY.     Enlargement  of  the  liver  and  spleen. 

HERMAPHRODITE.     An  individual  whose  genital  organs  have  the  characters 
of  both  male  and  female  in  greater  or  less  degree. 

HYDROCEPHALUS.    A  condition,  usually  congenital,  marked  by  an  extensive 
effusion  of  senmi  into  the  cerebral  ventricles,  dilating  these 
cavities,  thinning  the  brain,  and  causing  a  separation  of  the  cran- 
ial bones;  there  may  also  be  an  accumulation  of  fluid  in  the  sub- 
arachoid  space. 

HYPER-.    A  prefix  denoting  excessive,  above  the  normal. 


HYPERMETROPIAo    Hyperopia.  Long-sightedness, 
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HIPERTELORISM*    Extreme  width  between  the  eyes, 

HTPERTROPHy.     Overgrowthj  general  increase  in  bulk  of  a  part  or  organ,  not 
due  to  tumor  formation. 

HIPO-o    A  prefix,  equivalent  to  "sub".    Denotes  (1)  location  beneath  some- 
thing elsei  (2)  a  diminution  or  deficiency. 

HYPOPHYSIS.    Pituitary  body,  a  small,  two-lobed  body  at  the  base  of  the 
brain, 

HYPOPLASIA,     (1)  Defective  formation,  incomplete  development  of  a  part. 

(2)  Atrophy  due  to  destruction  of  some  of  the  elements  and  not  mere- 
ly to  their  general  reduction  in  size. 


KYPHOSIS.    C3rphosis,  a  curvature  of  the  spine,  hump-back;  an  abnormal  cur- 
vature of  the  spine  with  convexity  backward,  due  to  caries  and  destruc- 
tion of  the  bodies  of  the  affected  vertebrae* 


LORDOSIS.    Anteroposterior  curvature  of  the  spine,  generally  lumbar  with 
the  convexity  looking  anteriorly. 


MAGROGLOSSIAo    Enlargement  of  the  tongue. 
MICROCEPHALIC.    Abnormal  smallness  of  the  head. 

MONGOLISM^    Idiocy  marked  by  a  cheerfulness  of  disposition,  vivaciousness, 
and  imitativenesso    A  flattened  skull. 

MORCUIO'S  DISEASE.    Osteochondrosis,  familial  osseous  sjmimetrical  dys- 
trophy. 

MYOPIA,    Short-sightedness o 

MYXEDEMA,    A  trophic  disorder  marked  by  a  hard  edema  of  the  subcutaneous 
tissues,  dryness  and  loss  of  hair,  subnormal  temperature. 

MYXOMA.    A  tumor  composed  chiefly  of  polyhedral  or  stellate  cells  embedded 
in  a  soft  matrix  containing  mucin. 


NANUS »    A  dwarf,  a  pygmy. 

NEONATAL.    Relating  to  the  period  iram.ediately  succeeding  birth. 
NIDATION.    The  formation  of  the  decidua  capsularis. 

NYCTALOPIA.    Night  blindness,  inability  to  see  as  well  as  normal  at  night 
or  in  dim  light. 

NYSTAGMUS.    Rhjrbhmical  oscillation  of  the  eyeballs,  either  horizontal, 
rotary,  or  vertical. 
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OLIGODENDROGLIA .    Mesoglia,  neuroglia  tissue  containing  cells  of  size 
intermediate  between  the  mossy  and  the  spider  cells. 

OXYCEPHALIAo    The  occurrence  of  a  high,  vertical  index  in  a  skull. 
PALPEBRA.    Eyelids o 

PAPILLEDEMA. <=    Choked  disc,  inflammation  of  the  optic  nerve  at  its  entrance 
into  the  retina, 

PARA""o    A  prefix  denoting  (1)  a  departure  from  normal,   (2)  an  involvement 
of  two  like  parts,  as  the  two  lower  extremities. 

PARESIS.    Partial  or  incomplete  paralysis. 

PISIFORM.    Pea-shaped  or  pea-sized. 

PITUITARI.     (see  HYPOPHYSIS). 

POLYHYDRAMNIOS.    Dropsy  of  the  amnion,  an  excess  in  the  amount  of  amniotic 
fluid. 

PROGERIA.    A  condition  characterized  by  a  mixture  of  infantilism  and  pre- 
mature senility;  the  subject  presenting  the  mental  and  physical  char- 
acteristics of  old  age,  with  persistence  of  the  milk  teeth,  absence 
of  the  haiiy  growth  normal  at  puberty,  and  persistence  of  the  thymus. 

PROGNATHISM.    Abnormal  projection  forward  of  one  or  both  jaws, 

PUNCTATE.    Marked  with  points  or  dots  differentiated  from  the  surrounding 
surface  by  color,  elevation,  or  texture. 


SCAPHOCEPHALIC.    A  long,  narrow  skull  with  a  more  or  less  prominent  ridge 
along  the  prematurely  ossified  saggital  sutiire. 

SCOLIOSIS.     Lateral  curvature  of  the  spine, 

SPASM.    An  involuntary,  convulsive,  muscular  contraction;  convulsion; 

cramp , 

SPLENOMEGALIA o    Enlargement  of  the  spleen. 
SOUAMA.    A  thin  plate  of  bone. 

STENOSIS.    A  narrowing  of  any  canal,  a  stricture, 

SYT^COPEo  Fainting,  a  swoon;  a  sudden  fall  of  blood  pressure  or  failure 
of  the  cardiac  systole,  resulting  in  more  or  less  complete  loss  of 
consciousness . 


TACHYCARDIA.    Very  rapid  action  of  the  heart. 
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THIROID.    A  ductless  gland  lying  in  front  of  the  upper  part  of  the 

trachea;  it  f ijrnishes  an  internal  secretion  of  influence  upon  me 
olism. 

THTROTF.OPIC  HORMONE.    A  hormone  produced  by  the  anterior  lobe  of  the 
pituitary  gland  which  influences  the  development  and  activity  of 
the  thyroid, 

THYROTOXICOSISa    Poisoning  by  an  excess  of  thyroid  secretion o 
TROPHIC.    Relating  to  or  dependent  upon  nutrition o 
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